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ABSTRACT 
A drop in commodity price forces companies to increase production yet, in doing so, they lose 
focus of maintaining an efficient operation. An operation that is not meeting production targets 
should first analyse the current assets prior to purchasing new ones to understand where the 
shortfalls are present and if there are any improvements that can be implemented. The project 
aims to close the gap between underperforming operations by adopting an end-to-end approach, 
considering all inputs and each associated effect and understanding variations within the 
project that may be controllable or uncontrollable. If operations more often reach the best 
practice benchmark they become more competitive in today’s market and ensure a more viable 
operation.  
The Central Queensland coal mining operation produces 11Mtpa coal and 30Mbcm annually 
utilising a trucking fleet of 12 and two Hitachi EX5500 excavators in backhoe configuration 
with a bucket capacity of 27m3. The site has control over the load, haul and dump processes 
and thus it is imperative these are optimised such that maximum profitability is attained. 
Current site practices involve working two 12 hours shifts where over the course of the shift 
tasks are recorded manually using the reporting software InfoMINE and adjusted using Vital 
Information Management Systems (VIMS) and survey volume adjustments. 
The analysis techniques used were created in accordance with the Time Usage Model (TUM) 
adopted by the company in January 2017. The analysis found that utilisation affects the 
operation more than availability constraints. Alongside this during the six month period 
analysed 131 failure events occurred between the two primary digging units averaging two 
hours attendance per failure. This drastically reduced the mean time between failures (MTBF) 
metric and limits the operation significantly. Major delays have been attributed to maintenance 
and weather (uncontrollable) and meal breaks and shift changeover (controllable). 
Following the analysis and suggested improvements the operation can reduce costs attributed 
to delays by $2M annually, increase loading time by 3%, increase overall mine productivity by 
5% and reduced the delays within the overall system by 2%. This in turn will increase the 
accuracy of reporting and increase the technical and economic viability of the operation. 
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1. INTRODUCTION 
1.1. BACKGROUND 
High efficiency and production optimisation of a mining operation is mandatory in today’s 
economic climate. Even the slightest variance (positive or negative) can have an adverse impact 
on the financial and technical viability of an operation. It is thus of upmost importance 
variability be reduced, within reasonable limits, through qualitative analysis, quantitative 
analysis and site practices. 
Company A has strict benchmark targets set to achieve economic viability. The operation 
utilises twelve CAT793s and two Hitachi EX5500s to achieve required productivity rates. 
Currently, chosen equipment is underperforming in three key areas: 
 Availability; 
 Utilisation; and 
 Productivity rates. 
Company A has identified the need for improvement at the operation. The shortfalls present, 
attributed to a number of controllable factors will be analysed, altered and optimisation 
strategies suggested.  
The operation, located in Central Queensland, produces approximately 11Mtpa metallurgical 
coal and 30Mtpa overburden.  A truck and shovel haulage configuration is utilised whereby 
coal is loaded and sent to the ROM and loaded onto a conveyor system to the Coal Handling 
Preparation Plant (CHPP). The current contract, specified by the client, limits Company A to 
control over this process alone. Thus, operational efficiency, for all equipment is paramount to 
maintain an efficient operation. 
From the early 2000s to 2010 the demand for metals and minerals was much higher, driving 
production volumes to record levels. Mining companies worldwide lost sight of productivity 
goals that promoted a successful operation in previous years (Lala, et al., 2015). Industry 
circumstances have now changed, with a focus on cost cutting whilst maintaining production 
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rates prioritised. The ability to measure and alter performance quickly and accurately is now 
more important than ever. 
For the Central Queensland operation, meeting productivity demands set by the client, with the 
lowest possible cost per tonne coal, and, in the safest manner is vital. Current operational 
practice focus on monitoring rates, interpreting variances and discussing strategies for future 
situations. Other operations have placed emphasis on fleet management systems (DISPATCH, 
Wenco etc.) and preventative maintenance initiatives (Lumley and McKee, 2014). New 
measuring tools, to pinpoint operational inefficiencies by monitoring labour productivity per 
unit are gaining popularity, emphasising the need for effective monitoring techniques.  
Advances in mining technology has resulted in mining condition improvements and increased 
operational safety. Despite this, mine design methods have not advanced at the same rate 
resulting in less efficient technologies (Callow, 2006). Site-specific improvements focus on 
equipment performance, whereby slight increases of availability and utilisation create a more 
proficient operation, without increased capital expenditure. 
The resulting study will focus primarily on site-based productivity analysis, interpreting data 
and recommending suitable changes to improve production. Due to financial constraints, large-
scale fleet management systems are not feasible, although, monitoring aspects and 
measurement matrices will be analysed, altered and implemented, if applicable.   
1.2. AIMS AND OBJECTIVES 
This research project aims to analyse the current haulage operation at Operation A and generate 
viable implementation strategies to maximise efficiency and financial return. The project is 
limited to the truck and shovel process present within the operation, focussing on delay 
reduction, productivity improvement through maximising availability, and increased utilisation 
developed from additional monitoring techniques. The principal objectives of this research 
project are: 
 Complete a productivity analysis, including simulation of the operation identifying 
factors attributing to major delays; 
  Determine a monitoring matrix to understand variances present within availability and 
utilisation data; 
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  Recommend and simulate operational strategies to increase productivity rate and 
operational efficiency within the operation; and 
 Draw conclusions based on productivity analysis from both scenarios, identifying 
opportunities for improvement. 
1.3. SCOPE 
This project analyses the current mining operation through data analysis, simulation and 
theoretical understanding. Implementing changes targeting increases in availability, utilisation 
and production rates. Data collection with be required for both technical and economical 
understandings of the operation and to appropriately quantify the effects of suggested changes. 
The project focusses on implementing a framework for monitoring and maximising equipment 
(trucks and excavators) efficiency. 
The study is restricted to Company A’s Operation but conclusions may be adopted by similar 
operations. Analysing alternate mining methods and associated load and haul practices 
alternate to truck and shovel operations will not be included within the scope of work. Trucks 
and Excavators observed will be limited to CAT793s and Hitachi EX5500s respectively. 
Despite minimal control of blasting practices on-site the impact of diggability through 
muckpile characteristics will be quantified. Blasting design changes including design changes 
through power factor increases (or decreases) will not be analysed for the purpose of this study. 
1.4. METHODOLOGY 
To complete the aims and objectives outlined, this research project undertakes a number of 
tasks. Data collected from Vital Information Management System (VIMS) and simulations 
within Talpac will provide a productivity analysis and verify key performance drivers. Delay 
analysis pinpointing inefficient processes, targeting opportunity for improvement, will form an 
operational development framework. This will form the basis (operational areas) by which the 
study aims to improve the operation. 
Company A utilises a strict Time Usage Model (TUM) developed to allocate operational delays 
and uncontrollable factors appropriately. For the duration of this study, delays assigned to 
various categories (downtime, planned and unplanned maintenance etc.) will be done in 
accordance with the TUM.  
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To best complete the technical analysis of the operation, identifying and stipulating strict 
benchmarks is essential. Slight variations in availability and utilisation are integral in 
understanding the impacts of suggested improvements. The operation targets availability rates 
of 92% for excavators and 92% for trucks. For all mechanical equipment 75% utilisation is 
predicted. A benchmarked framework analysis levelling production rates per shift, excavator-
working hours and other input variables will be included. 
Utilising Talpac, quantified improvements and their financial implications will be assessed in 
terms of the operational framework generated. Following developed improvement strategies, 
additional simulations and another productivity analysis provides new data specific to an 
improved operation. From this, conclusions comparing scenario 1 and 2, justified with 
quantified data, can be analysed and assessed. Additional justification of suggested 
improvements will come via an economic analysis ensuring the study is both technically and 
financially feasible. Using recommendations from productivity analysis, the impacts on 
availability and utilisation will be reported confirming the operational framework developed. 
1.5. SIGNIFICANCE TO INDUSTRY 
The availability and utilisation of mining equipment affects the output of a mine. Optimising 
these, by reducing downtime and operational delays to ensure operational targets are achieved 
consequently results in higher productivities (Kansake and Suglo, 2015). It is important to 
analyse the performance of equipment, at regular intervals to achieve cost-effectiveness in 
excavation and transport operations. There is a need to define terms, factors and indices 
necessary to lay down a systemic basis required for control and management of mining 
equipment (Arputharaj, 2015).  
This project will provide benchmarking techniques specific to the operation to identify latent 
capacity within the fleet. Delay analysis will identify inefficiencies, external to operational 
constraints, resulting in loss of production. Improvements in availability and utilisation rates 
will drive a more efficient operation meeting client needs more effectively. Comparison of 
simulated data will indicate financial savings available whist providing long term monitoring 
techniques ensuring economic longevity of the operation. The findings from the project, despite 
being specific to Company A operation can be applied to other mines utilising similar 
techniques.  
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1.6. RISK MANAGEMENT 
To assess and understand the risks associated with thesis completion a benchmark for analysis 
is generated. This allows tasks to be compared and risk ratings identified. The project required 
a site visit that was analysed separate to the requirements of the university. Table 1 illustrates 
the risk matrix used to determine the associated risk of each task. Table 2 interprets the risk 
classification, the action required and forms the basis for the project risk analysis. 
Table 1:  
Risk Matrix 
   Consequence 
   Insignificant 
1 
Minor 
2 
Moderate 
3 
Major 
4 
Catastrophic 
5 
L
ik
e
li
h
o
o
d
 5 Almost Certain 5 10 15 20 25 
4 Likely 4 8 12 16 20 
3 Moderate 3 6 9 12 15 
2 Unlikely 2 4 6 8 10 
1 Rare 1 2 3 4 5 
Table 2:  
Risk Classification and Action 
Classification Colour Action 
Catastrophic  STOP 
Undesirable  Action 
Acceptable  Monitor 
Desirable  No Action 
1.7. FAILURE MODES AND EFFECTS ANALYSIS 
A Failure Modes and Effects Analysis (FMEA) was conducted in accordance with the 
aforementioned risk matrix, classification requirements and recommended action. The 
associated risk assessments are to be developed for the remainder of the project and the 
additional site visit. Each assessment follows the FMEA template and includes failure modes, 
generated risk ratings and recommended controls. 
 Functional Failure 
A functional failure will occur if failure to meet primary objectives, the critical path and 
deadlines occurs. For the completion of the projects functional failure affects the quality of the 
submitted project caused by various failure modes. Within the site visit, functional failures 
relating to the project have been addressed and the effects analysed. The following functional 
failures apply: 
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 Failure to submit or late submission of thesis; 
 Poorly (or below average) completion of thesis; 
 Unable to access site and obtain required data; and 
 Failure to adhere to safe working practices. 
 Failure Modes 
Failure modes and their occurrence lead to functional failure. Controls are developed to ensure 
failure modes do not occur reducing the associated risk of the project. Potential causes for 
failure regarding the project can occur within any of the following categories: 
 Technological: software access, computer malfunction etc.; 
 Economical: site complications; and 
 Personal: physical and mental state. 
Each failure mode aligns with a failure category and was assessed individually. 
 Risk Ranking 
A risk rating according to the FMEA process was determined by combining the likelihood and 
consequence of each potential failure mode. The ranking matrix selected follows site (and 
industry) based processes that adhere to specific mining standards. The risk rating provides 
comparison between tasks (based on risk) and identifies tasks with the highest associated risk. 
Each risk and, dependent on the risk rating, requires immediate to no action to occur. The 
classification of risk allows the required action to be determined. 
 Recommended Controls 
The recommend controls are determined to reduce the likelihood of a failure mode. Each 
implemented control reduces the risk rating of a failure mode to a suitable level. If all controls 
are adhered to, the project was completed efficiently and effectively.
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1.8. THESIS COMPLETION 
Identifying the risks associated with the completion of the project, Table 3 identifies the task, key risks, risk ratings and possible control mechanisms. 
Table 3:  
Risk Associated with Thesis Completion 
  Initial risk Rating   
Functional failure Failure Mode C L RR Controls 
Adjusted 
risk rating 
 Loss of thesis 5 2 10 
Backup of work on multiple platforms (USB, email, desktop, 
laptop) 
5 
Failure to submit 
project 
Site shutdown 5 3 15 
Ensure all information is collection on initial site visit without the 
need to re-visit 
5 
 Loss of data 5 1 5 
Acquire enough initial data to get relevant trends and complete 
analysis 
3 
 Poor time management 4 2 8 
Ensure Gantt chart followed and adjusted; assign appropriate 
time to complete each required task 
4 
Poorly completed 
project 
Site support withdrawn 3 2 6 
Site supervisor is provided with regular updates and data 
collection is conducted regularly 
3 
 Supervisor assistance 4 2 8 
Regular meetings are attended and contact (email, face-to-face) 
is maintained throughout the course of the project 
4 
 
Primary site contact leaves 
operation 
3 3 9 
Ensure multiple site personnel know the work required and can 
assist during site visits and other times 
3 
Project below required 
standard 
Medical complications 3 2 6 
Ensure regular breaks are taken and necessary medical controls 
are taken to reduce sickness etc. 
3 
 Personal complications 3 2 6 
Maintain good time management skills and conduct regular way 
of life 
3 
Late submission of 
project 
Late site data collection 4 3 12 
Constant data collection to ensure adequate resources are 
available 
4 
 Failure to follow deadlines 5 2 10 Ensure deadline are known and followed accordingly 5 
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 Site Visit 
To complete the project a site visit to collect data is required. The following Table 4 illustrates the risks associated with the trip. 
Table 4:  
Site Visit Risk Analysis 
  Initial risk Rating   
Functional failure Failure Mode C L RR Controls 
Adjusted 
risk rating 
 Travel interrupted 4 2 8 Appropriate travel itinerary with adequate breaks included 4 
Unable to get to site Site inaccessible 5 2 10 
Maintain communication with site and ensure travel is possible 
prior to requirements 
5 
 Site support withdrawn 3 2 6 
Site supervisor is provided with regular updates and data 
collection is conducted regularly 
3 
 Injury whilst on site 5 2 10 Ensure site safety procedures are followed accordingly 5 
Unable to collect data Vehicle interaction 5 4 20 
When travelling ensure competent person is driving and all site 
controls are in place 
10 
 Incorrect data collected 4 2 8 
Ensure data is usable whilst on site and, if required, additional 
data collection is possible 
4 
 
Safety documentation not 
completed 
3 3 9 
Allow time to update site safety MOPs and SOPs before 
completion of tasks 
3 
Safe working practices 
not followed 
Safety procedures 
breached 
4 2 8 
Follow site requirements and maintain high level of 
understanding of site procedure and processes 
4 
 Injury whilst on site 5 2 10 Ensure site safety procedures are followed accordingly 5 
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 Contingency plan 
A contingency plan, developed to take account for the possibility of a future event to occur 
incorporates the five key risks associated with the project. The risks have been identified 
according to the outlined risk matrix and include both site and project based risks. The 
following five key risks apply: 
 Unable to collect data: Vehicle interaction; 
 Failure to submit project: Site shutdown; 
 Late submission of project: Late site data collection; 
 Failure to submit project: Loss of thesis; and 
 Safe working practices not followed: Injury whilst on site. 
A contingency plan, Table 5 has been determined and aims to further reduce the risk associated 
with the key risks determine within the initial risk assessment.  By doing so, the overall project 
risk is reduced and promotes a higher standard of completion.
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Table 5:  
Contingency Plan for Key Risks 
Rank RR Risk Possible Effects Additional Controls 
   Injury (ranging in severity) Wear appropriate PPE and follow site procedures and processes 
1 20 
Vehicle 
interaction 
Loss of production due to 
incident 
Ensure competent personnel interacting whilst on site 
   Thesis completion impacted Report any incorrect driving practices to supervisor 
   In-ability to complete thesis 
Propose alternate thesis topic relating to mine productivity that ensures finding and results from 
studies are appropriate for other operations 
2 15 
Site 
shutdown 
Real-time data collection 
unavailable 
Ensure regular communication with site personnel  
   
Impacts industry supervisor 
assistance 
Understand the operation early and develop techniques for analysis through simulation that 
represent productivity outputs and equipment working rates 
   
Thesis submission timeframe 
altered 
Collect data early and often 
3 12 
Late site data 
collection 
Data collected inaccurate Allow adequate time to make necessary changes if low data quality 
   Data adjustment  Maintain good working relationship with site personnel including industry supervisor 
   Completed work lost Maintain good file management skills and save (including back-up) work regularly 
4 10 Loss of thesis Quality of thesis reduced 
Use various saving locations to store files and required documents including university 
computer, home laptop, external storage and email/Dropbox storage 
   Failure of project 
Regularly update versions of work to allow for previous versions to become back-up 
documents if file corruption (or other) occurs 
   
Time frame for completion 
compromised 
Maintain high level of working integrity 
5 10 
Injury whilst 
on site 
Data collection opportunities 
reduced 
Understand site specific SOPs and MOPs and never compromise safety whilst on site 
   Health impacts Remain accompanied by senior site personnel whilst in high traffic working areas 
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1.9. PROJECT MANAGEMENT 
The project, split between two semesters, was completed throughout 2017. Semester 1 involves 
preliminary data collection and analysis, combined with a thorough review of current literature 
relevant to the project’s aims and objectives. Semester 2 progresses the data analysis to identify 
key areas of improvement and simulate recommended changes quantifying results. The project 
was completed in accordance with key milestones outlined during the 2017 year. 
Complications - including personal, site based and technological - will be assessed, with 
alterations made in accordance to risk assessment recommendations that align with industry 
and academic supervisor ideals. 
 Critical Path 
The critical path outlines the necessary requirements of the project that, if not completed 
appropriately, will affect submission quality. These tasks must be completed on time and to a 
high standard, the following addresses the projects critical path: 
 Semester 1 project progress report; 
 Site visit including data collection and analysis; 
 Seminar presentation; 
 Final submission of Examiner’s thesis (including amended copy); and 
 Conference paper. 
By following the outlined critical path, meeting deadlines and assigning appropriate timelines 
to each section, the project will be completed to a high standard as well as meet all academic 
and industry requirements. To address possible alterations to the working plan a Gantt chart 
has been developed that outlines necessary completion dates and working times for relevant 
sections. If, for unforeseen circumstances, work cannot be completed, a contingency plan 
following the risk assessment evaluation will be determined and implemented. 
The following resources required are readily available and require minimal expense; they will 
be used throughout the project and are necessary for completion: 
 Computer and associated software programs (TALPAC, Vulcan etc.); 
 Internet and library access; 
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 Adequate time to complete all necessary aspects of the project; 
 Site specific data and processes; and 
 Mine site and academic staff (supervisors etc.). 
 Project costs 
The project costs were developed to estimate the relative cost of completing the thesis project. 
The duration of the project was 44 weeks; this included the break between semesters as data 
collection and site work will be completed during this time. Each rate assumes personnel meet 
quality demands and deadlines. The following requirements and rates have been selected: 
 Undergraduate: $45/h; 
 Industry supervisor: $200/h; 
 Academic supervisor: $200/h; 
 Site visit costs: $1000/week; and 
 Printing and binding costs. 
Table 6 lists the relative costs of the project and outlines specific tasks. The total cost of the 
project is approximately $35,170. 
Table 6:  
Relative Project Cost 
Item Amount Rate ($) Total ($) 
Undergraduate Salary 10 h/ week 45 /h 19 800 
Industry Supervisor 
Salary 
1 h/ fortnight 200 /h 4 400 
Academic Supervisor 
Salary 
1 h/ week 200 /h 8 800 
Site Visit 2 week visit 1000 /week 2 000 
Printing and Binding 
Expense 
Black and White 0.1 per page 50 
 Colour 0.5 per page 100 
 Binding 10 each 20 
Total Expenditure $35 170 
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2. OPEN CUT MINING 
Mining techniques have adapted with technological advancements that focus on improving 
efficiency and safety. Requirements such as reducing environmental impacts force open cut 
mining and the overall void created to be precisely constructed (NSW Minerals Council, 2013). 
Open cut mining occurs when deposits are located close to the surface, where open pit or strip 
mining excavation techniques can be employed. Open cut mining involves a cyclic process, 
represented in Figure 1.  
 
Figure 1: Open Pit Mining Cycle (Anglo American, 2016) 
Open cut mining is the most common mineral extraction method within Australia. As 
environments change, the need for open cut mines to extract lower grade minerals at deeper 
depth is increasing. The advantages of open cut mining are (Anglo American, 2016): 
 Large trucks and excavation equipment enables large volumes to be moved; 
 No size working restrictions due to excavation; 
 Faster production; and 
 Lower cost per tonne to mine. 
Open cut mining has applications in both coal and hard rock mining. Initial planning must 
incorporate mine design, data gathering, environmental considerations and economic analysis 
(among others) to determine optimal size and geometry. Open pit geometry is illustrated within 
Figure 2. 
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Figure 2: Typical Mining Geometry (Kumar, 2016) 
The overall angle and slope height determine the size of the open pit developed to extract the 
valuable mineral. Within strip mining a high-wall and low-wall is used to describe the overall 
size of the strip (pit) required. Within open pit mining, environments are affected due to the 
large removal of material. The following impacts and their associated control mechanism are 
used with open cut mining operations (Oresome Resources, 2016): 
 Land formation changes: controlled through land rehabilitation, re-contouring and 
enforced by strict government regulations; 
 Large voids created: voids are filled with suitable material as required; 
 Waste rock generated from mining: waste is collected within stockpiles and revegetated 
in accordance with environmental legislation; and 
 Dust and emissions produced: water trucks are used to reduce dust and efficient 
machinery is used to reduce environmental impacts. 
Open cut mining operations and the technologies used are yielding more efficient and 
productive results. The need to reduce environmental impacts has driven a focus towards 
rehabilitation and mining for the future. 
2.1. STRIP MINING 
Strip mining is the removal of soil and rock (overburden) above a layer, generally coal, 
followed by the removal of the uncovered mineral (Hustrulid, 2017). Two types of strip mining 
methods are utilised, these being, area and contour mining. Method selection depends of the 
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deposit geometry and type. Area mining is applicable to flat terrain, to extract deposits over a 
large area; overburden removed repurposed to fill the void within the previous strip. Contour 
mining involves overburden removal near the mineral outcrop along hilly terrain where an 
auger removes the mineral by mining into the hillside. 
The following Figure 3 illustrates the typical strip mining process, which involves the 
following: 
 Vegetation clearing, top soil removal and storage; 
 Drilling and blasting of overburden, if required; 
 Removal of overburden (stripping); 
 Removal of mineral (coal); and 
 Reclamation or land rehabilitation. 
 
Figure 3: Strip Mining Process (Gaukartifact, 2015) 
Strip mining offers a cost-effective extraction method as intensive underground infrastructure 
and development is not required. This method offers high recovery rates as resources are easy 
to access producing a greater return of an investment. Additionally strip mining allows product 
to hit the marketplace faster. This, again increases the economic viability of the operation 
(Lombardo, 2015). 
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3. TRUCK AND SHOVEL OPERATIONS 
The truck and shovel mining method is the most commonly utsed extraction method due to 
increased flexibility and fewer haulage restrictions. Truck and shovel mining is suited to 
geologically and geotechnically complex deposits with varying overburden depths, seam 
geometry and irregular rock characteristics. The mining method enables the following (Mitra 
and Saydam, 2012): 
 Mining capacity and productivity rates can be scaled up (or down) over the life of 
mine; 
 Narrow benches can be implemented increasing the overall pit slope and delaying the 
negative cash flows incurred from stripping; 
 Ability to adapt to uncertainties within geology and commodity price; and 
 Improve operational safety due to increased manoeuvrability and ease of relocation. 
The following Figure 4 presents the breakdown of equipment used within open cut coal mining 
in Australia. Truck and shovel equipment, operating at approximately thirty-eight mines, must 
operate efficiently and effectively to ensure technical and economic viability. Increasing 
productivity rates and operational effectiveness would benefit over 80% of all open cut coal-
mining operations. 
 
Figure 4: Mining Operations Australia (Choy et al. 2010) 
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Trucks, shovels and draglines are the main excavation equipment currently used. Truck and 
shovel operations are more flexible which suits the following applications (Westcott, Pitkin 
and Aspinall, 2009): 
 Geologically complex deposits with irregular pit geometries not suited for efficient 
dragline excavation; 
 Operations with large haul distances for both waste and coal movement; 
 Steeply dipping deposits, where equipment cannot operate on both seam roof and 
floor concurrently; 
 Basin deposits that exhibit steep dips at margins, short strike lengths and varying 
overburden thickness; and 
 Small deposits with low production outputs. 
The truck and shovel mining process is specific to the geology and geotechnical requirements. 
This method increases flexibility and suits long haul scenarios. Special consideration should 
be placed when integrated with draglines as the removal process is altered. Dig and dump 
designs must be accurately created to combine all aspects, including limitations, to promote an 
efficient working environment.  
3.1. EXCAVATION PROCESS 
At the operation, the client utilises draglines to remove overburden above the roof of coal or to 
a predetermined horizon. The company then, utilising the truck and shovel method removes 
excess overburden and coal transporting to the waste dump and ROM respectively. The 
following Figure 5 illustrates the removal process. 
 
Figure 5: Dragline Excavation Process (Mine Surveyor, 2016) 
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Initial removal of waste utilising a dragline is conducted. The coal seam, dipping at 
approximately 30o is uncovered at the coal edge peg symbolising the location for the base of 
the new strips low-wall.  Once material has been moved by the client and dumped in the 
associate spoil pile the truck and shovel operation can commence.  
The dragline may uncover to a horizon (above the edge of coal) if the coal is expected to be 
damaged during blasting, alternatively an excavator can more accurately uncover the top of 
coal reducing loss and dilution caused by poor removal practice. 
 
Figure 6: Truck and Shovel Excavation Process 
The excavator then loads the truck removing the overburden above the coal until coal can be 
loaded and sent to the ROM (Figure 6). This process is repeated until all the coal within the 
strip has been removed. Additional work from dozers and graders is required to achieve the 
following: 
 Level the pit floor to workable limits for both trucks and excavators; 
 Clear debris (rocks etc.) to avoid tyre damage; 
 Clean dig face for excavator to mine entire bench without loss; and 
 Maintain bunding and windrows required for a safe operation. 
3.2. EQUIPMENT 
 Rope Shovels 
Rope shovels, also known as power shovels are large scale mining excavation equipment used 
within truck and shovel operations. Typically electric powered the bucket-equipped machine 
consists of a revolving deck, driving mechanisms crane and a handle (dipper) with a bucket 
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attached. The shovel operates using the following main motions to complete the dig, swing, 
dump and return cycle (Encyclopaedia Britannica, 2014): 
 Hoist: pulling the bucket through the bench; 
 Crowd: moving the dipper handle to determine the depth of cut and dump position (into 
truck); 
 Swing: Rotate between dumping and digging; and 
 Propel: moving the shovel around the dig locations. 
The following Figure 7 illustrates the rope shovel and the ideal digging environment. 
 
Figure 7: Rope Shovel Digging Environment (Mine Surveyor, 2016) 
The following Table 7 illustrates the favourable, and unfavourable conditions for a rope shovel 
to operate (Caterpillar, 2013). 
Table 7:  
Rope Shovel Suitability 
Favourable Unfavourable 
Working a single bench of correct height Poor underfoot 
Solid, level floor Low faces 
Wide benches to increase manoeuvrability  Poorly fragmented (or un-blasted) material  
Clean up and good ground Multiple face locations 
Good trail cable management Selective digging 
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 Hydraulic Face Shovels 
Face shovels are a member of the hydraulic excavator class of equipment and primarily remove 
overburden within open cut mining operations. This type of digger excavates above track level 
in an upward motion away from the cab (RitchieWiki, 2015). The face shovel benefits from its 
high breaking force capabilities designed to remove compact dirt and rock. Due to the length 
of boom and stick, the cab is located close to the digging location increasing operational risk. 
Figure 8 illustrates the digging cycle and dig face geometry for a face shovel. 
 
Figure 8: Face Shovel Digging Environment (O’Brien, 2014) 
 
The following Table 8 illustrates the favourable, and unfavourable conditions for a face shovel 
to operate (Caterpillar, 2013). 
Table 8:  
Face Shovel Suitability 
Favourable Unfavourable 
Selective digging Excessive tramming 
Multiple face heights Low benches 
Single face loading with multiple targets No clean up support 
Tough digging and defined dig pattern Multiple faces 
Can work in poor floor conditions  
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 Backhoe Excavators 
Backhoe excavators are a general-purpose digging unit that consists of a two-limbed arm 
attached to a digging bucket. The boom, attached to the body of the excavator connected to the 
dipper and operated through a set of hydraulic cylinders. The backhoe, given its name from the 
action of ‘pulling’ earth (dirt) towards the cab before loading (Reinco, 2017) combines high 
digging forces and large capacity buckets to meet required productivity outputs. 
The following Table 9, illustrates the favourable, and unfavourable conditions for a backhoe 
excavator to operate (Caterpillar, 2013). 
Table 9:  
Backhoe Excavator Suitability 
Favourable Unfavourable 
Low to moderate bench heights High benches 
Truck spotted on bench or on floor below 
excavator 
Excessive tramming 
Tight load area Multiple or unstable benches 
Short swing radius 60o to 90o Low angle of repose material 
Well blasted material (suitable fragmentation) No clean-up support 
The following Figure 9 shows an excavator in backhoe configuration within an operational 
digging environment. 
 
Figure 9: Backhoe Excavator Digging Environment (Mine Surveyor, 2016) 
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Within truck and shovel operations backhoe excavators, incorporated as the main excavation 
equipment, capable of moving high tonnages (or BCM) requires correct set-up and working 
maintenance. The process used for material removal must be optimal to increase operational 
viability. By maximising efficiency, productivity rates will increase reducing the risk of the 
operation. Understanding the geology and digging cycle is pivotal for process optimisation. 
3.3. LOADING METHODS 
The loading process utilised differs depending on the scenario. Bench height, material 
characteristics and client requirements all influence the way in which material can be loaded 
from excavator to truck. Each process differs in efficiency and associated cost. 
 Single Bench Loading 
The single bench loading sequence involves mining material from a constant height above 
ground level (bench). The excavator sits on the bench, above the truck and digs material 
perpendicular before swinging 90o to load the truck. This method can take additional time when 
constructing the bench, as a constant height and clean dig face must be maintained. The 
excavator digs in the opposite direction to the direction of advance. 
 
Figure 10: Single Bench Loading (Hitachi, 2016) 
 Double Bench Loading 
Double benching is the most efficient loading method and should be implemented if possible. 
Material is divided into two (generally equal) benches where the truck is situated on ground 
level and the excavator on the lower bench. The excavator advances forwards mining the higher 
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bench and swinging 90o to load, then mining the lower bench (tail) in the opposite direction 
and advancing. 
 
Figure 11: Double Bench Loading (Caterpillar, 2016) 
 Top Loading 
Top loading is the least efficient method of loading and should be avoided if possible. The 
process involves the excavator and truck to be placed on the same level, where the excavator 
is required to dig (below cab height), lift (above truck tray height) and swing (minimum 90o) 
before loading. The additional movement required from this method reduces operational 
efficiency and is generally only utilised when cleaning (coal) along the high-wall or if road 
width within the strip becomes too narrow. 
 
Figure 12: Top Loading (Hitachi, 2016) 
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3.4. TRUCK CYCLE TIME 
Cycle time is defined as the total time from the beginning to end of a process. In mining, this 
is the time for the truck to be loaded, dump and return to the loading unit. To determine the 
cycle time, real-time monitoring, software simulation or theoretical calculation may be used. 
Various inputs impact the cycle time for an operation, the following have been outlined as 
having the greatest impact: 
 Haul road geometry from load to dump location; 
 Site restrictions including equipment, speed limits and working constraints; 
 Truck fleet size, impacting queue time at loader; and 
 Material movement requirement (productivity rates). 
Truck cycle times are calculated using Equation 1. 
𝒕∗ =  𝒕𝒕𝒆 +   𝒕𝒘𝒆 +  𝒕𝒔𝒆 +  𝒕𝒍 +  𝒕𝒕𝒍 + 𝒕𝒘𝒅 +  𝒕𝒔𝒅 +  𝒕𝒅 (1) 
 
Where: t*: actual truck cycle time; 
  tte: travel empty time from dump to loader; 
  twe: wait time at loader; 
  tse: spotting time at loader; 
  tl: loading time at loader; 
  ttl: loaded travel time to dump; 
  twd: wait time at dump; 
  tsd: spotting time at dump; and 
td: dumping time at dump. 
Reducing any inputs required to calculate cycle time increase operational productivity as more 
material can be moved per shift. Within truck and shovel operations the cycle time, and 
required optimisation, is necessary in improving site (and industry) proficiency. Through 
process optimisation and increased understanding, the cycle time or fleet requirements may be 
reduced as permitted. Figure 13 shows the process followed to complete one full haul cycle. 
Table 10 illustrates the various stages of the haul cycle and application on site. 
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Table 10:  
Haul Cycle Inputs 
Step Variable  Application 
1 Load time Time taken for loading unit to load haulage unit 
2 Travel to dump (full) Travel time from loading unit to dump (or ROM) 
3 Wait time at dump Wait time at dump (various reasons) 
4 Spot time at dump Time taken to prepare to dump load (forward and reverse) 
5 Dump Time to dump load 
6 Travel to loader (empty) Travel time from dump to loader (truck is empty) 
7 Wait time at loader Wait time at loader (various reasons) 
8 Spot time at loader Time taken to prepare to be loaded (forward and reverse) 
 
Figure 13: Complete Haulage Cycle (Burt, 2008) 
3.5. EXCAVATOR CYCLE TIME 
To excavate and load an excavator must complete one complete cycle. During non-digging 
time, the excavator is still required to be productive in order to maintain the dig face. Numerous 
loading techniques may be employed to increase (or decrease) efficiency. The following 
outlines excavator requirements (GlobalSecurity, 2014): 
 Plan and layout dig area; 
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 Spot incoming truck (using signals or radio) to decrease spot time and ensure truck is 
in the optimal loading position; 
 Ensure bucket rotation occurs above tray (not cab) to increase operational safety; 
 Maintain working area (level benches, clear rocks etc.); 
 Raise bucket while truck is moving towards (lower when moving away); and 
 Ensure bucket remains clean to maximise fill factor. 
The following Figure 14 illustrates a typical dig floor with optimal location of shovel and truck.  
 
Figure 14: Excavator Working Environment (Chabedi and Mothemela, 2013) 
Point 1 within Figure 14 illustrates the need for effective spotting including operator assistance. 
Point 2 is comprised of the excavator cycle. The following, Equation 2 is used to determine the 
excavator cycle time. 
𝒕𝒆 =  𝒕𝒔 + 𝒕𝒅 + 𝒕𝒍 (2) 
 
Where: te: actual excavator cycle time; 
  ts: time to swing from dig location to truck (including upwards motion); 
  td: time to dump (release material into tray of truck); and 
tl: time to load bucket with material. 
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The excavator cycle time determines the load time present within the truck cycle time equation 
(Equation 2). Excavator cycle time is primarily affected by material diggability and truck 
location. Diggability is largely determined through material properties and fragmentation 
levels initiated during blasting. Truck location affects the angle at which the digger will have 
to swing, increasing (or decreasing) the swing time. A study conducted by Mothemela and 
Chabedi (2013) analysed the effect of loader swing time on operational productivity at the dig 
face. The following  
Table 11 presents the results found. 
Table 11:  
Excavator Swing Angle Productivity Impacts 
Degrees of Swing Resulting % of Maximum Output 
45o 126% 
60o 116% 
75o 107% 
90o 100% 
120o 88% 
150o 77% 
180o 70% 
Figure 15 illustrates how swing angle is determined. 
 
Figure 15: Effect of Swing Angle (Chabedi and Mothemela, 2013) 
The results from the study found that a reduction in swing angle increases the possible 
maximum output. The reduction in angle additionally reduces the time to spot for truck as the 
turning requirements are lessened (Chabedi and Mothemela, 2013). Within industry, 
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incorporating safety requirements the optimal swing angle is between 60o and 90o (condition 
appropriate).   
3.6. CYCLE TIME ANALYSIS 
Current techniques for increasing productivity are based on Fleet Management Systems (FMS), 
aiming to increase the efficiency of the haulage process and reduce operational costs (Coronado 
and Tenorio, 2013). Previous studies targeted the following: 
 Ercelebi and Bascetin (2009) aimed to optimise the number of trucks per shovel through 
linear programming to reduce cycle time and increase efficiency; 
 Sgurev et al. (1989) derived cycle time through a fundamental approach based on 
controlling, monitoring and reporting aimed to reduce truck queue time; 
 Ataeepour and Baafi (1999) reduced the wait time of shovels for a truck to be present 
increasing both production and equipment utilisation simultaneously; and 
 Kelton et al. (2007) analysed cycle time with the use of simulation software to mimic 
the behaviour of practical systems. 
The aforementioned studies and their findings (combination) determined a set of haulage fleet 
Key Performance Indicators (KPIs) used to asses fleet efficiency. By benchmarking, setting 
realistic targets and understanding operational delays productivity is improved. The following 
Table 12 presents the KPIs found, through analysis, for the various studies conducted. 
Table 12:  
Haulage Fleet Key Performance Indicators 
No. Key Performance Indicator Description 
1 Speed Full Haul (kph) Speed of loaded truck 
2 Speed Empty (kph) Speed of empty truck 
3 Production per Truck (Mtph) Truck productivity per hour 
4 Fixed Time Sum of load, dump and spot time 
5 Production (Mtph) Production of material per hour 
6 Ore (Mtpd) Amount of ore transported 
7 Crusher (Mtpd) Amount of waste transported 
8 Utilisation Proportion of working time for equipment 
9 Queues Number of trucks queueing for a shovel or discharge point 
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Through practical implementation, limitations of haulage fleet KPIs have been identified. The 
following apply and limit the effectiveness of cycle time improvement: 
 Site speed restrictions reducing effectiveness of equipment; 
 Equipment selection and alteration resulting in large capital expense that decreases 
viability of haul cycle time improvement; and 
 Site requirements and production specifications (if applicable) for various equipment. 
 Utilisation Impacts 
Utilisation improvements can drastically increase the performance of an operation. Key 
Performance Indicator 8, outlined in Table 12, addresses utilisation and the associated impacts. 
Arputharaj (2015) investigated the effect of equipment utilisation on the economics of a mining 
project. The study found that increased utilisation increases yearly productivity whilst 
decreasing the cost per tonne of production. The impact of utilisation on yearly productivity 
(Appendix 1) presented a roughly linear trend. The impact of utilisation on production costs 
(Figure 16) shows an approximately exponential trend. 
 
Figure 16: Effect of Utilisation on Cost per tonne (Arputharaj 2015) 
Arputharaj found that at 50% utilisation the cost of production flat lined (approximately). The 
study concluded that operation production economics were impacted by utilisation with initial 
improvements having the largest impact. To increase utilisation from 80-90% is far more 
challenging than increasing from 40-50%. Additional production improvements become more 
strenuous as utilisation increases (Agrawal and Srikant, 1995). To become a best practice 
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operation, implementation of vigorous haul cycle analysis coupled with advanced fleet 
management and dispatch systems is required. 
 Match Factor 
The match factor, given as the ratio of actual truck arrival rate to excavation loading time. This 
form of analysis provides a measure of productivity within the fleet, by excluding equipment 
capacities various loading units can be compared across sites. Match factor can determine 
inefficiencies within the haulage operation such as; over-trucking, poor dig rate and increased 
cycle time. The optimal match factor of 1 is achieved when a truck is leaving the load location 
exactly as another truck has begun the spotting process. The following Figure 17 shows how 
match factor can increase (or decrease) overall efficiency.  
 
Figure 17: Effect of Match Factor on Efficiency (Burt, 2008) 
The following Equation 3 is used to determine the match factor ratio. 
𝑴𝒇 =  
𝒕𝒊𝒙𝒊
𝒕𝒙𝒚𝒊
 (3) 
 
Where: Mf: match factor; 
  ti: time to load truck; 
  xi: number of trucks; 
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  tx: average cycle time for trucks excluding waiting time; and 
  yi: number of loaders. 
 Prioritisation and Usage 
Truck and circuit requirements are infrequently determined by prioritising specific dig areas. 
Prioritisation can be impacted by coal quality, client specified targets or site safety 
requirements. Workflow changes due to prioritisation are impossible to model, as changes can 
be made on an hourly basis dependent on requirements. Truck usage is impacted when 
unforeseen maintenance events occur that alter the expected productivity rate. To negate this, 
additional trucks that remain idle are stored on site to counteract the decrease in productivity. 
It is assumed that primary excavation tools are prioritised as per short term planning 
requirements and the trucking fleet usage is constant as stand-by trucks are present to offset 
productivity shortfalls caused be unforeseen maintenance events. 
 Uncertainty 
Uncertainty within haul cycle time modelling and optimisation can lead to inaccurate and 
unrealistic results. Equipment availability and mechanical breakdowns form variations within 
analysis, which is dependent on the percentage work completed. To determine an appropriate 
availability site specific data (historical and current) is be used to best represent the operation. 
As no probabilistic modelling of equipment availability is relevant, a trial and error approach 
will be taken to generate appropriate production rates and yield representative analysis. 
3.7. INDUSTRY EFFICIENCY EVALUATION 
A review on open pit coal mining methods conducted in 2010 compared current operations to 
best practice guidelines in terms of productivity, work practices and other indicators. The 
following Table 13 shows a comparison between the best practice and a moderate practice with 
the associated variances (positive and negative) (Choy, Khandelwal and Ranjith, 2010). The 
purpose of this study is to set targets for the industry and understand where specific operations 
sit within the productivity ranges. This allows trends and variances to be better analysed and 
improvements made. 
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Table 13:  
Industry Efficiency Evaluation 
Attributes Best Practice Moderate Practice Change 
Total Productivity (%) 100 60 -40 
Resource Level    
Staffing levels: ratio of labour hours worked to 
equipment hours worked 
1.5 2.1 +0.6 
Work time in shifts: time excluding leaving and 
joining shifts, meal and other breaks (percent) 
92 85 -7 
Utilisation of truck fleet 45 40 -5 
Utilisation of major digging equipment 50 40 -10 
Work Practices    
Hot Seat Changes Yes Yes - 
Meal breaks in field Yes No - 
Staggered meal breaks Yes No - 
Operators move between equipment within 
shifts 
Yes Rarely - 
Haulage equipment fuelled in breaks Yes No - 
Clean-up equipment does not impede 
production 
Yes No - 
Other indicators >50 0 -50 
Efficient truck loading practices: incidence of 
double-sided or some other efficient truck 
loading method present 
35 65 +30 
Spotting time of truck under shovel (seconds) 185 135 -50 
Truck loads per shovel per 8-hour shift 0 20 +20 
Industrial disputes: days lost per thousand 
hours worked 
20 50 +30 
From the analysis, completed by Ranjith (2010), operational inefficiencies were identified. 
Efficient operations utilise their resources intensively, specifically the labour force and 
excavation equipment. Proficient ‘down-time’ practices such as; hot seat changes, staggered 
meal brakes and refuelling practices significantly increase operational efficiency and 
implementation is beneficial. Moderate practices tend to overstaff operations to increase 
productivity, a staffing ratio, calculated using Equation 4, enables operations, regardless of 
size, to be compared. 
𝑺𝒕𝒂𝒇𝒇𝒊𝒏𝒈 𝑳𝒆𝒗𝒆𝒍𝒔 =  
𝒍𝒂𝒃𝒐𝒖𝒓 𝒉𝒐𝒖𝒓𝒔 𝒘𝒐𝒓𝒌𝒆𝒅
𝒆𝒒𝒖𝒊𝒑𝒎𝒆𝒏𝒕 𝒉𝒐𝒖𝒓𝒔 𝒘𝒐𝒓𝒌𝒆𝒅
 (4) 
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A staffing level of 1 is ideal, only being possible if autonomous equipment is implemented. 
This enables overstaffing to be identified and necessary changes made. Additionally moderate 
practices may operate more equipment than required resulting in over capitalisation and 
productivity inefficiencies. 
Work practices can easily be altered, if correct monitoring equipment is in place and workers 
understand the importance. Furthermore, operator equipment training may be required to 
ensure each crew can complete best practice work practices appropriately. 
The completed study identified the following to increase the proficiency of truck and shovel 
operations: 
 New industry standards involving larger trucks and associated payload. Currently 
limited by tyre technology reducing the maximum carry weight and overall size, 
implementation is still beneficial; 
 Automatic measuring of volume in the tray of the haul truck; 
 Utilising different tray designs to carry different material types; 
 Automation of dispatching systems if both volume and weight are available; and 
 Real time operational changes implemented by management depending on dig 
location. 
 Utilisation of Truck Fleet 
Within the analysis, conducted by Ranjith (2010), found that haulage fleet utilisation was on 
average 5% lower than best practice operations. Best practice mines operated at approximately 
45% utilisation for the entire truck fleet. To improve fleet utilisation aspects of planning, 
customer service, pricing, sales, maintenance and recruiting and the associated downstream 
effects must be considered (Langley, 2010). A study conducted by Langley (2010) illustrated 
three multidisciplinary ways to improve utilisation. 
1) Focus on operational processes management has most direct control over. Fleet 
availability can be increased to provide more working time. If this is implemented 
utilisation is not necessarily increased. The study suggested determining sub categories 
34 
 
to analyse an assets working time through a time usage model (or similar) strategy. This 
determines operational inefficiencies and delays present; 
2) Use managerial personnel to recognise operational delays. Utilise information provided 
to understand why delays are occurring pinpointing the root cause. Langley (2010) 
suggests to look at the available working fleet to determine possible utilisation 
improvements; and 
3) Additional focus should be placed on current working delays that can be avoided. 
Delays associated with meal breaks, shift change over and excavator wait time must be 
minimised. A simple approach involving improved time management and supervision 
may yield an additional 5% in utilisation (Langley, 2010). 
From the study conducted fleet utilisation increased by 10% through simulation. Individual 
truck utilisation is targeted to improve overall fleet effectiveness. Operator styles and skill level 
has a large impact on utilisation, management systems must be employed to monitor work time 
in an attempt to increase profitable output. 
 Utilisation of Major Digging Equipment 
Hendrickson (2008) for “Project Management for Construction” analysed labour 
characteristics and assessed them in terms of: (1) recognised strength, (2) meets expectations 
and (3) areas needing improvement. The following areas contributed to reductions in excavator 
utilisation: 
 Quality and quantity of work; 
 Job knowledge, judgement and resource utilisation; 
 Sensitivity analysis and planning effectiveness; and 
 Utilisation of non-production engine ON time. 
Utilisation of digging equipment incorporates multiple areas of the production cycle. 
Increasing one area may decreases the efficiency within another, thus inclusive analysis must 
be conducted (Hendrickson, 2008). Additional studies have found various approaches used to 
increase digging equipment utilisation. Dagdelen, Topal and Kuchta (2000) used integer-
programming methods to create mining schedules focussed on reducing loader wait time. 
Loader wait time is attributed to secondary working time where the asset is not producing at 
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required rate. Using inter-programming allowed the truck haul cycle including queue times, 
load time and bunching effects to be optimised reducing loader idle time (Burt, 2008). 
Ercelebi and Kirmanli (2000) analysed the relation between equipment and optimal equipment 
selection. Truck and loader matching is an integral component within equipment utilisation 
that affect both digging equipment and truck fleet utilisation. Fleet homogeneity and restricted 
bucket passes from loaders were investigated and improved utilisation rates were observed 
(Burt, 2008). 
Cebesoy et al. (1995) analysed mutual exclusivity, which describes a common restriction that 
only allows one type be used. It was determined that heterogeneous fleets are optimal as 
excavation units are matched to one specific truck without the need to accommodate additional 
demands. Nel, Kizil and Knights (2011) confirmed this during an analysis on “Improving 
Truck-Shovel Matching.” 
Hassan et al. (1985) extended Webster and Reed’s (1971) theory that proposed an equipment 
selection model for general material handling processes combined with a utilisation matrix and 
cost objective function. The Hassan model minimised the “sum of CAPEX and OPEX over all 
processes and equipment used within set processes.” The model determines equipment based 
on productivity requirements within a nominated period (Burt, 2008). 
Through analysis and prior literature, the problem of improving loading unit excavator 
utilisation has been considered and various improvement strategies implemented. 
Recommended changes are site specific where various site inputs are considered before an 
approach is selected. Quantification of downstream effects is also required during 
implementation. 
 Delay Reduction 
Runge Mining (1993) discussed the effect of delays within truck and shovel operations. The 
operational delays, within the haul cycle analysed were then following: 
 Truck queue time at loaders; 
 Shovel wait times at dig face; 
 Queue times and spot times at waste dump (or ROM); and 
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 Truck bunching issues along the haul road. 
Nel, Kizil and Knights (2011) analysed the aforementioned operational delays and determined 
which delays had the most significant impact on production. From a case study conducted the 
delays present, in Figure 18, were found. 
 
Figure 18: Analysis of Working Delays (Kizil, Knights and Nel, 2011) 
As can be seen, ‘wait loading unit’ and ‘queue at loader’ are the largest operational delays 
caused directly by the truck-shovel load and haul cycle. Wait time, described as non-productive 
operational time (secondary working time) increases operating costs while reducing 
productivity. Inefficient practices attributed to additional delays can increase operating costs 
up to 3.5 times (Kizil, Knights and Nel, 2011). 
Hall (2002) analysed the percentage of time excavators within mining applications are 
productive. The analysis considered operating, idle (including wait) and walk times. Reasons 
for low utilisation included: 
 Walking and dig face reposition time; 
 Insufficient fleet size or poor scheduling; and 
 Clean up activities required (dozer) that increase queue time at dig face. 
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The following Figure 19 illustrates the breakdown of excavator machine time. Idle time 
accounts for 34% of excavator working time. Idle time is comprised of operational delays that 
decrease machine efficiency. By reducing the idle time of an excavator, machine (truck and 
excavator) utilisation is increased (Hall, 2002). 
 
Figure 19: Excavator Working Time Breakdown (Hall, 2002) 
Burt (2008) investigated “An optimisation approach to material handling” specific to truck 
and shovel operations. A utilisation cost model was used to quantify the effects of delays on 
utilisation and overall efficiency. The following methods were determined to increase 
utilisation and reduce operational delays: 
 Using a heterogeneous fleet reduces volatility in productivity requirements. The 
approach to improving operational efficiency reduces fleet flexibility and, dependent 
on geology may not be feasible; 
 Routine maintenance that prevents major breakdowns decreases long term delays. 
Using opportune times (crib, shift change) to complete simple maintenance increases 
reliability without impacting productive working time; 
 Limit excessive machine travel time (working) as, with large mining equipment, this is 
slow and unproductive; and 
 Creating the right operational environment including establishing machine limits and 
setting optimum sight lines. 
Delay reduction within the mining industry, especially truck and shovel operations, is driven 
by the need to effectively reduce operational costs without decreasing productivity.  
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4. DIGGING CONDITIONS 
Drilling and blasting is the process used within the mining cycle to break (fragment) rock for 
excavation. With the use of controlled explosives, a number of holes are drilled, loaded and 
detonated. This process is repeated until the desired excavation is complete (Avdic, Kozar and 
Moranjkic, 2009). Through efficient blasting practices the digging conditions created promote 
higher productivity rates within truck and shovel operations.  
To quantify the impact and necessary blast design suitable for an excavation various rock mass 
parameters are required. Through analysis, geotechnical and geomechanical properties 
understanding and correct implementation, optimal blasting and rock fragmentation suitable to 
the excavation equipment is created. The following elementary rock mass properties should be 
understood before the development of blasting practices (Cotza and Grosso, 1995): 
 Rock resistance to uniaxial compression; 
 Rock Quality Designation (RQD); 
 Distance between discontinuities; 
 Quality of discontinuities; and 
 Rock mass hydraulic conditions. 
Current literature suggests a number of additional excavation properties influences the 
productivity at given locations. Muckpile characteristics (looseness and rill ability), excavator 
type, operator proficiency and digging style all impact the output of an operation. For hydraulic 
excavators a steep face of intermediate height, where material has a tendency to rill towards 
the bucket increasing the productive fill factor is most suitable. 
To quantify the effects of poor blasting on downstream processes such as; diggability, haul 
cycle times, crushing and milling operations rock fragmentation and fines generation must be 
understood and optimised. Comminution costs (drilling and blasting) represent 30-50% of total 
operational costs (15% total cost) yet, if generated processes suit rock mass characteristics 
operation efficiency can increase by up to 20% (Singh, 2016). 
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4.1. DIGGABILITY 
Diggability refers to the measure of ease of excavation under specific operating conditions 
(Hall and Khorzoughi, 2016). Diggability provides feedback on drill and blast operations, 
provide baseline indicators for best operator practices, improve short term planning and 
improve reliability and availability of excavation equipment. Non-diggability factors 
including; digging practice, selected equipment and weather adversely affect diggability 
classifications and during analysis, should be excluded. Table 14 created by Bell (1992) 
illustrate diggability in terms of rock mass parameters. An understanding of diggability can 
assist in determining rock mass changes and optimal digging strategies can be implemented 
accordingly. 
Table 14: 
 Diggability Classification 
Rock Hardness 
Description 
Unconfined 
Compressive 
Strength (MPa) 
Seismic Wave 
Velocity (m/s) 
Spacing of 
Joints (mm) 
Excavation 
Characteristics 
Very Soft 1.7-3.0 450-1200 <50 Easy Ripping 
Soft 3.0-10 1200-1500 50-300 Hard Ripping 
Hard 10-20 1500-1850 300-1000 Very Hard Ripping 
Very Hard 20-70 1850-2150 1000-3000 
Extremely Hard Ripping 
or Blasting 
Extremely Hard >70 >2150 >3000 Blasting 
Diggability assessments conducted have developed several diggability indices. The following 
studies were conducted: 
 Franklin et al. (1971) related diggability to intact rock mass parameters to select 
appropriate excavation equipment; 
 Hendricks et al. (1990) used microprocessor technology within hydraulic excavators to 
relate loading equipment performance to muckpile characteristics altered during 
blasting; 
 Awuah-Offei and Frimpong (2007) utilised analytical and numerical modelling to 
understand loader digging effort and behaviour to measure possible productivity 
improvements; 
 Allen (1999) based key shovel performance indicators (KPIs) to assess diggability in 
various excavation areas and quantify the production impacts; and 
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 Other studies have used cycle time, dipper fill factor and number of bucket passes to 
measure and monitor excavator performance related to diggability. 
From analysis, energy based diggability indices are most suited for quantifying equipment 
performance and blasting effects. Some indicators, such as fill factor and dig time can produce 
misleading results. For example, if hard digging is encountered the operator may take shallower 
paths reducing the dig time (Hall and Khorzoughi, 2016). 
Operator practice and style largely effects the diggability and excavator performance. The 
requirement for post-blast and post-dig evaluations arise as variations in muckpile 
characteristics from shift-to-shift (day/night) and crew-to-crew changes affect overall 
productivity. Operator proficiency is difficult to analyses as this may change day-to-day yet is 
a key factor within the diggability classification. 
Currently, no universal diggability assessment has been adopted thus site based comparison is 
unrealistic and industry optimisation possibilities are reduced. Within a single operation, post-
blast diggability assessments should be made and utilised. Additionally the generation of 
appropriate dig plans that incorporate current rock mass and muckpile characteristics assists 
operator awareness and efficiency. 
4.2. FILL FACTOR 
Fill factor is the approximate load the dipper is carrying, expressed as a percentage of the rated 
capacity (Woodruff, 2016). Bucket fill factor is influenced by particle size distribution, blasting 
efficiency, equipment selection and rock mass properties (Osanloo and Hekmat, 2004). Poor 
bucket fill factor is largely attributed to the operator digging too close to the machine and poor 
blasting implementation and performance. Fill factor is calculated using the following Equation 
5. 
𝑭𝒊𝒍𝒍 𝑭𝒂𝒄𝒕𝒐𝒓 =  
𝑳𝒐𝒐𝒔𝒆 𝒗𝒐𝒍𝒖𝒎𝒆 𝒑𝒆𝒓 𝒍𝒐𝒂𝒅
𝑫𝒊𝒑𝒑𝒆𝒓 𝒓𝒂𝒕𝒆𝒅 𝒗𝒐𝒍𝒖𝒎𝒆
 (5) 
Table 15, created by Khorzoughi and Hall (2016) relates material diggability to the 
approximate dipper fill factor.  
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Table 15:  
Diggability Classification Based on Fill Factor 
Material Diggability Hydraulic Excavator 
Easy Digging 0.95-1.05 
Medium Digging 0.90-1.00 
Hard Digging 0.85-0.95 
Very Hard Digging 0.80-0.90 
Table 15 presents another method to determine the diggability within a specified excavation 
zone. The principles discovered within Section 4.1 Diggability can be applied if the fill factor 
at a specified location is known. Conversely, back analysis of bucket fill factor can determine 
the digging and productivity efficiency at key dig face locations. Dig plans and productivity 
requirements can be adjusted accordingly to meet productivity demands and more accurately 
determine the output of the operation (Hall and Khoroughi, 2016). 
4.3. FRAGMENTATION 
Blast fragmentation, size distribution and blast design have a direct impact on the load and haul 
cycle, excavator dig time and bucket fill capacity (Brunton, et al., 2003). Dig time is defined 
as the time taken from muck-pile engagement to start of swing cycle. Targeted fragmentation 
differs between equipment and site-specific requirements. The main objective of fragmentation 
is to produce a suitable muckpile having appropriate size distribution that enables efficient 
loading and transportation (Kumar et al., 2015). Spathis (2002) investigated fragmentation and 
outlined the following parameters that have the greatest effect on productivity: 
 Fine generation and size; 
 Mean size of blasted material; 
 Oversize and cumulative size distributions; and 
 Measurement protocols. 
The following Figure 20 presents poor fragmentation (right) versus optimal fragmentation 
(left). 
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Figure 20: Differing Fragmentation Levels (Cox, 2017) 
Rock fragmentation depends on rock mass properties, uncontrollable, and blast design 
parameters, which can be controlled (Kumar et al., 2015). The following parameters are 
controllable during the blast design process: 
 Bench height and hole depth; 
 Spacing, burden and stemming distances; 
 Number of rows, hole and drill hole diameter; and 
 Load per hole (kg explosive) and powder factor. 
Through computer and post-blast inspection blasting process can be improved and 
consequently truck and shovel efficiency improved. The fragmentation generated by efficient 
blasting coupled with diggability classifications provides productivity estimates before 
excavation has commenced. Using this detailed analysis assumed productivity rates can be 
altered to represent actual productivity rates. 
Current literature suggests the best way to optimise (or increase) fragmentation is through 
powder factor adjustment. Powder factor, defined as the quantity of explosive used per unit of 
rock blasted (Woodruff, 2016) can be altered through design parameter adjustments.  
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4.4. FINES GENERATION 
Excessive fragmentation leads to the generation of fines, which can lead to an economic loss 
as the product (coal) is sold at a reduced price (Svahn, 2003). Fines generation is the most 
expensive fraction produced due to the increased environmental and social implications 
associated. Appropriate blasting practices can reduce the generation of fines and ejection of 
dust on detonation (Bhandari, 2013). Figure 21 illustrates the relationship between percent 
fines and production (buckets per hour) within a study conducted by P Singh and Narendrula 
(2006). 
 
Figure 21: Impact of Fines on Production Rate (Singh and Narendrula, 2006) 
Singh and Narendrula observed that production rates increased as percent fines increased. A 
higher bucket fill factor, due to additional fine grained particles increase dig cycle time 
resulting in a lower overall haul cycle time. Conclusions suggested the fines acted as a lubricant 
between the larger particle size (coarser) materials, which improved bucket penetration within 
the excavation zone. Alternative literature conducted by Guimaraes, Valdes and Palomino 
(2006) states optimal fines percentages, of 3-7%, should be created through blasting practices. 
This balances the detrimental effect of increased fines within the crushing and milling process 
and the excavation improvements seen. 
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4.5. MUCKPILE CHARACTERISTICS 
The muckpile geometry has a significant impact on the performance and production output of 
an excavation unit (Guimaraes et al., 2007). Little quantitative analysis has been conducted on 
muckpile properties and the effects on production rate, including which blasting processes 
(scheme) should be implemented dependent on rock mass properties that differ between 
operations. Table 16, compiled from Singh and Narendrula’s study on “Factors affecting the 
productivity of loaders in surface mines” (2007) indicates the muckpile can be analysed in 
terms of three distinct features; rock fragmentation, physical features and other features 
(mechanical and chemical). 
Table 16:  
Muckpile Characteristics 
Rock Fragmentation Physical Features Other Features 
Mean and characteristic 
particle sizes 
Geometry of muckpile Moisture content 
Uniformity index Angle of repose Stickiness 
Fragmentation curve Shape, volume and spread Hardness 
Oversize Looseness Abrasiveness 
Fines Floor conditions  
Efficient rock fragmentation is the key to successful equipment operation and maintenance. 
Fragmentation analysis enables variables to be benchmarked interpreting the effectiveness of 
the blasting process and determine appropriate corrective measures to be taken (Singh and 
Narendrula, 2007). Physical features specify the shape of the muckpile and indicate the 
efficiency of the blast design. Other features determined through muckpile analysis determine 
complex parameters that impact; machine wear and processing requirements. 
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5. TIME USAGE MODEL 
Company A utilises a strict Time Usage Model (TUM) to determine the productivity of the 
operation. The purpose of developing the new TUM metric was to define requirements for 
measuring and reporting on asset related time, enabling consistency across sites, understand 
how time is utilised and optimise performance. The key objectives outline by company A were: 
 Informed decision making; 
 Consistent and understood asset performance reporting; and 
 Support the identification of business improvement opportunities. 
The following TUM definitions apply (as per Company A interpretation): 
Calendar Time: Total of the Core Time Element hours in the period. 
Rostered Time: Time the asset is rostered to operate. 
Non-Rostered Time: Time the asset is not rostered to operate. 
Available Time: Time the asset was available outside of Non-Rostered time and Maintenance 
Downtime. 
Maintenance Downtime: Time the asset cannot operate, as it requires maintenance and must 
exist until the asset is made available to return to work. 
Planned Maintenance: Time the asset is down for a maintenance event that is in the 14-day 
maintenance plan approved each week with the operations team. 
Unplanned Maintenance: Time the asset is down for a maintenance event that is not in the 14-
day maintenance plan approved each week by the operations team. 
Field Time: Time the operations team has a material level of control over the operating or 
delay state of the asset.  
External Operating Delay: Time the asset is in a delay event where the initiation is not typically 
controllable by the operations team. Duration should still be influenced. 
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Internal Operating Delay: Time the asset is in a delay event where the initiation is controllable. 
Working Time: Time the asset is performing its intended function. 
Primary Working Time: Time the asset is performing its intended function and producing a 
measurable output. 
Secondary Working Time: Time the asset is performing its intended function in a production 
support capacity. 
The TUM incorporates ‘core time elements’ that provide base level understanding of an assets 
work or delay state. The ‘core time elements’ analysis follows the basic principal that each date 
totals 24 hours or the total calendar hours within the nominated period. The strategically 
developed TUM aims to: 
 Give a detailed assessment of the processes, functionality and support of a system 
within a nominated time period; 
 Provide baseline metrics for reporting asset hours, maintenance events, production 
volume data and associated economic analysis; 
 Analyse engine ON and OFF time to pinpoint operational delays consistent across all 
operations; and 
 Provide a system specific to Company A, streamlining the reporting and benchmarking 
process. 
The following Figure 22 illustrates the TUM utilised by Company A. 
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Figure 22: Company A’s Time Usage Model 
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5.1. ASSET PERFORMANCE METRICS 
Asset performance metrics are pivotal in benchmarking site standards and assessing site 
efficiency. The metrics, outlined by Company A, align with the time usage model analysed 
within Section 5.   
 Annualised SMU Hours 
The Service Metre Unit (SMU) within each equipment unit determines the hours worked per 
shift. The annualised SMU hour converts the SMU hours from a given period to reflect a value, 
based on a full year. Generally used for benchmarking or for external communication it 
provides consistently measured hours to draw comparisons to industry standards. 
𝑨𝒏𝒏𝒖𝒂𝒍𝒊𝒔𝒆𝒅 𝑺𝑴𝑼 𝑯𝒐𝒖𝒓𝒔 =  
𝑬𝒏𝒈𝒊𝒏𝒆 𝑶𝒏
𝑪𝒂𝒍𝒆𝒏𝒅𝒂𝒓 𝑻𝒊𝒎𝒆
∗ 𝟖𝟕𝟔𝟎 (6) 
Annualised SMU hours can be converted to a SMU calendar utilisation percentage. This metric 
should be used for periods greater than 28 days to avoid variations and anomalies inherent with 
the mobile equipment used. 
 Annualised Work Hours 
Annualised work hours are a measure of an assets work time within a given period to reflect a 
value that is based on a full year. This metric is used to represent a work hour calendar and is 
used to determine work hour calendar utilisation. 
𝑨𝒏𝒏𝒖𝒂𝒍𝒊𝒔𝒆𝒅 𝑾𝒐𝒓𝒌 𝑯𝒐𝒖𝒓𝒔 =  
𝑾𝒐𝒓𝒌 𝑻𝒊𝒎𝒆
𝑪𝒂𝒍𝒆𝒏𝒅𝒂𝒓 𝑻𝒊𝒎𝒆
∗ 𝟖𝟕𝟔𝟎 (7) 
 Utilisation of Available Time 
Utilisation of available time determines the proportion of time the asset was performing its 
intended use within rostered time excluding maintenance downtime. This measures the 
performance of the project team in utilising the asset effectively.  
𝑼𝒕𝒊𝒍𝒊𝒔𝒂𝒕𝒊𝒐𝒏 𝒐𝒇 𝑨𝒗𝒂𝒊𝒍𝒂𝒃𝒍𝒆 𝑻𝒊𝒎𝒆 =  
𝑾𝒐𝒓𝒌𝒊𝒏𝒈 𝑻𝒊𝒎𝒆
𝑨𝒗𝒂𝒊𝒍𝒂𝒃𝒍𝒆 𝑻𝒊𝒎𝒆
∗ 𝟏𝟎𝟎 (8) 
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 Field Utilisation 
Field utilisation measures the time the asset was performing as intended during the controllable 
period. The analysis tool determines the performance of the operations teams and is used for 
internal reporting to isolate the impact of controllable internal operating delays.  
𝑼𝒕𝒊𝒍𝒊𝒔𝒂𝒕𝒊𝒐𝒏 𝒐𝒇 𝑭𝒊𝒆𝒍𝒅 𝑻𝒊𝒎𝒆 =  
𝑾𝒐𝒓𝒌𝒊𝒏𝒈 𝑻𝒊𝒎𝒆
𝑭𝒊𝒆𝒍𝒅 𝑻𝒊𝒎𝒆
∗ 𝟏𝟎𝟎 (9) 
 Physical Availability 
Physical availability determines the proportion of rostered time the asset was available for use 
outside of maintenance downtime. This metric enables the effects of maintenance downtime to 
be quantified in terms of production output and analyse the variances present. 
𝑷𝒉𝒚𝒔𝒊𝒄𝒂𝒍 𝑨𝒗𝒂𝒊𝒍𝒂𝒃𝒊𝒍𝒊𝒕𝒚 =  
𝑨𝒗𝒂𝒊𝒍𝒂𝒃𝒍𝒆 𝑻𝒊𝒎𝒆
𝑹𝒐𝒔𝒕𝒆𝒓𝒆𝒅 𝑻𝒊𝒎𝒆
∗ 𝟏𝟎𝟎 (10) 
 Mechanical Availability 
Mechanical availability determines the time the asset was available for use outside of 
mechanical downtime, excluding downtime caused by plant damage. Used to understand the 
effectiveness of maintenance teams in minimising the impact of maintenance downtime during 
rostered time. 
𝑴𝒆𝒄𝒉𝒂𝒏𝒊𝒄𝒂𝒍 𝑨𝒗𝒂𝒊𝒍𝒊𝒃𝒊𝒍𝒊𝒕𝒚
=  
𝑨𝒗𝒂𝒊𝒍𝒂𝒃𝒍𝒆 𝑻𝒊𝒎𝒆 + 𝑫𝒂𝒎𝒂𝒈𝒆 𝑴𝒂𝒊𝒏𝒕𝒆𝒏𝒂𝒏𝒄𝒆 𝑫𝒐𝒘𝒏𝒕𝒊𝒎𝒆
𝑹𝒐𝒔𝒕𝒆𝒓 𝑻𝒊𝒎𝒆
∗ 𝟏𝟎𝟎 
(11) 
5.2. MEASURING PRODUCTIVITY 
Productivity analysis within the mining industry is pivotal in understanding the effectiveness 
and longevity of an operation. Benchmarking site practices against best practice and specifying 
possible improvement strategies is required for an operation to be successful within the industry 
(Lumlet and McKee, 2014). Recent productivity trends as analysed by Topp et al. (2008) 
suggest mining has been characterised by: 
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 High level of labour productivity (output per hour worked); 
 Low level growth of multifactor productivity (MFP) from 1970s to current times; 
 Long stages of positive MFP growth from the 1980s and 1990s, whilst declining is the 
1970s and 2000s; and 
 Higher volatility levels in MFP over short-term periods. 
An analysis conducted by PricewaterhouseCoopers (PWC) in 2014 addressed the declining 
productivity rates seen within Australian mines since the mining boom. The study addressed 
the reduction in yearly productivity rates of hydraulic excavators (among other equipment) 
comparing best practice and average operations. Figure 23 illustrates the findings of the study. 
 
Figure 23: Declining Productivity Rates (PricewaterhouseCoopers, 2014) 
The requirement to increase the productivity of primary excavation is more important now than 
ever. Through effective monitoring and operational understanding, productivity impacts are 
assessed and changes made accordingly. The ability to adapt quickly to operational variations 
is pivotal for a successful operation. Current industry standards benchmark availability, 
utilisation and production rate to make comparisons between operations (Elliot, 2017). 
Benchmarking within operations is used to improve haulage fleet operations and maintenance 
practices (Lukacs and Eng, 2014). Lukacs and Eng (2014) determined definitions for 
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availability and utilisation specific to the mining industry. The study concluded that 
benchmarking is vital to: 
 Compare performance of equipment within similar environments to assist in setting 
performance capabilities and targets; 
 Identify industry best practice and mean; 
 Better understand equipment purchase decisions based on capability and application; 
and 
 Combine operational information to promote effective communication to equipment 
manufacturers. 
 Availability 
Arputharaj (2015) investigated the availability of shovels, haul units and dozers to analyse 
contributing factors to improve overall equipment performance. Table 17 illustrates the 
conclusions of availability within industry identifying key benchmarks within industry.  
Table 17:  
Equipment Availability 
Equipment Availability Remark 
0.90 Good 
0.80 Average 
0.70 Poor 
The classification of availability differs between metrics due to the types of downtimes and the 
relationship with time (Weibull, 2017). Many variations of availability exist. The most 
common, illustrated below, is widely accepted within the mining industry and allows 
representative comparisons to be made. Equation 12 is used to calculate availability. 
𝑨𝒗𝒂𝒊𝒍𝒂𝒃𝒊𝒍𝒊𝒕𝒚 =  
𝑻𝒐𝒕𝒂𝒍 𝒉𝒐𝒖𝒓𝒔 − 𝑫𝒐𝒘𝒏𝒕𝒊𝒎𝒆
𝑻𝒐𝒕𝒂𝒍 𝑯𝒐𝒖𝒓𝒔
 (12) 
 Utilisation 
Utilisation is defined as the ratio of the time the machine is actually used to the total hours. 
Utilisation provides a measure of the efficiency of both maintenance and operational staff 
(Hillston, 1996). The following Equation 13 is used to calculate utilisation. 
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𝑼𝒕𝒊𝒍𝒊𝒔𝒂𝒕𝒊𝒐𝒏 =  
𝑻𝒐𝒕𝒂𝒍 𝒉𝒐𝒖𝒓𝒔 − 𝑫𝒐𝒘𝒏𝒕𝒊𝒎𝒆 − 𝑷𝒓𝒐𝒄𝒆𝒔𝒔 𝒅𝒆𝒍𝒂𝒚𝒔
𝑻𝒐𝒕𝒂𝒍 𝒉𝒐𝒖𝒓𝒔 − 𝑫𝒐𝒘𝒏𝒕𝒊𝒎𝒆
 (13) 
Joe Clayton, CEO of SubZero Group (2015) stated, “The biggest opportunity for mining 
companies to improve productivity is by using specialist labour forces.” The root cause to 
increase productivity was employing labour forces that more effectively utilise the equipment 
and time available to them. Utilisation of high capital equipment is vital to achieve best practice 
rates and remain competitive. 
 Overall Equipment Effectiveness (OEE) 
Overall Equipment Effectiveness (OEE) is a measure of the effectiveness of equipment. It 
accounts for the largest sources of productivity losses and is quantified using; availability, 
performance and quality (Elevli and Elevli, 2010). 
The following Equations 14, 15 and 16 are used when calculating OEE. 
𝑷𝒆𝒓𝒇𝒐𝒓𝒎𝒂𝒏𝒄𝒆 =  
𝑶𝒑𝒆𝒓𝒂𝒕𝒊𝒏𝒈 𝒕𝒊𝒎𝒆 − 𝑺𝒑𝒆𝒆𝒅 𝒍𝒐𝒔𝒔𝒆𝒔
𝑶𝒑𝒆𝒓𝒂𝒕𝒊𝒏𝒈 𝒕𝒊𝒎𝒆
 (14) 
𝑸𝒖𝒂𝒍𝒊𝒕𝒚 =  
𝑵𝒆𝒕 𝒐𝒑𝒆𝒓𝒂𝒕𝒊𝒏𝒈 𝒕𝒊𝒎𝒆 − 𝒅𝒆𝒇𝒆𝒄𝒕 𝒍𝒐𝒔𝒔𝒆𝒔
𝑵𝒆𝒕 𝒐𝒑𝒆𝒓𝒂𝒕𝒊𝒏𝒈 𝒕𝒊𝒎𝒆
 
(15) 
𝑶𝑬𝑬 = 𝑨𝒗𝒂𝒊𝒍𝒂𝒃𝒊𝒍𝒊𝒕𝒚 ∗ 𝑷𝒆𝒓𝒇𝒐𝒓𝒎𝒂𝒏𝒄𝒆 ∗ 𝑸𝒖𝒂𝒍𝒊𝒕𝒚 
(16) 
A study conducted by Elevli and Elevli (2010) analysed the six largest sources of productivity 
loss (the big six). The following, Table 18 illustrates the productivity loss, associated loss 
category and OEE factor. 
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Table 18:  
OEE Big Six Productivity Losses 
Big Six Loss Category OEE Loss Category OEE Factor 
Equipment Failure Downtime Losses Availability (A) 
Setup and Adjustment   
Idling and Minor Stoppages Speed Losses Performance (P) 
Reduced Speed   
Reduced Yield Defect Losses Quality (Q) 
Quality Defects   
The study, aimed at measuring performance of mining equipment, concluded a benchmark 
OEE of approximately 85% is achievable. If the estimated OEE is below benchmark, 
improvement within the load and haul system is possible. The need for a metric such as OEE 
are driven by the following remarks made by Elevi and Elevi (2010): 
 Mining is a cyclic process, thus the performance of equipment is largely dependent on 
the previous equipment’s effectiveness. This is largely seen as fragmentation conducted 
within blasting affects the load and haul cycle due to the diggability of an excavation; 
 The effect of utilisation on total production output is increased due to the increasing 
capacity of mining equipment; 
 The working conditions mining equipment operates; and 
 The mining cycle is dynamic with many uncontrollable variables. The effect on 
utilisation, sometimes unknown, can drastically reduce the effectiveness of an 
operation. 
 Production Rate 
Productivity measurements within mining differ from other sectors due to the nature of mining, 
capital investment and decreasing resources. Topp et al. (2008) defined primary objectives of 
measuring productivity within the mining sector as: 
 Develop a better understanding of factors that contribute to mining productivity; 
 Explore productivity inefficiencies attributed to the decline in productivity rates; and 
 Assess implications of productivity analysis changes within the sector. 
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Productivity, usually used as an indicator of efficiency and productivity growth is viewed as a 
principal source of improvement (Block, et al., 2008). Decreases in productivity are not 
indicative of the technical ability of operations to produce output from a finite quantity (and 
quality) of inputs. Efficient production output coupled with advancements in technology are 
measured using staff working ratios where individual output is monitored and adjustments 
made accordingly. 
Production rate can be limited due to a number of uncontrollable factors. Topp et al. (2008) 
outlines the following: 
 Ore grade (metal per tonne of ore); 
 Ore (and coal) quality including impurities, milling characteristics etc.; 
 Overburden ratio, including deposit location and geometry; 
 Distance from markets or key inputs (processing plant, rail access port etc.); and 
 Complexity of terrain and mine geology. 
Soames et al. (2008) investigated the mining productivity attributed to labour. L Soames 
concluded that the industries labour productivity is relatively high due to working intensity and 
physical capital input. When considering multifactor productivity (MFP), physical capital, 
labour, intermediate inputs and changes in the quality of natural resource form the basis for 
analysis and through individual understanding specific operation inefficiencies are pinpointed. 
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6. COMPUTER SIMULATION 
Large-scale mining operations require small-scale computer simulations to assess possible 
improvements. This enable different scenarios to be quickly analysed and used for decision-
making (Coronado and Pablo, 2014). Kelton et al. (2007) stated “simulation refers to a broad 
collection of methods and applications to mimic the behaviour of real systems.” Advancements 
in technology allow for complex processes and unknown variables to be analysed and the 
impacts quantified. 
The need for performance estimation prior to construction commencement is increasing. 
Current approaches to determine production performance are (Han, 2005): 
 Historical data; 
 References including equipment handbooks, neighbouring site and industry practices; 
and 
 Construction simulation or statistical analysis. 
The use of simulation software allows productivity increases, without compromising safety or 
increasing cost, to be observed (Mullaney, 2015). Immersive Technologies specialise in 
developing operator proficiency through targeted operator training using mining simulation 
techniques. During a six-month period, the following on site improvements were seen: 
 4% improvement in cycle times; 
 10% improvement in swing times; 
 5.7% improvement in bucket fill factors; and 
 24.3% improvement in spot time. 
A study completed by Mitchell et al. (2014) commissioned by Ernst and Young into the 
challenges associated with improving mining productivity through simulation outlined the 
following challenges and potential innovations, present in Table 19. 
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Table 19:  
Challenges and Potential Innovations 
Challenges Potential Innovations 
Reducing complexity and improving decision-
making  
Real time planning and visualisation 
 Data analytics 
Creating consistent outcomes from manual and 
automated processes  
Automation of load and haul 
 Virtual reality mine training 
Improving supply chain logistics  3D printing 
 Vendor-managed inventory 
6.1. CURRENT TECHNOLOGY 
Varying simulation packages are available to address performance issues within the mining 
industry. Current methods are computer simulation, multiple regression and artificial neural 
networks. Truck and shovel operations contribute to approximately 50% of operational costs. 
It is thus paramount that productive capacity is maximised within all aspects of the load and 
haul cycle (Kizil, Knights and Nel, 2011). 
 Talpac (RPMGlobal) 
Talpac is designed to simulate a truck and loader fleet travelling over a haul route. The study 
enables measurable factors that affect production to be addressed and fleet reactions analysed 
(RPM Global, 2016). The benefits of using Talpac include: 
 Accurate results modelled to a specific operation; 
 Integration with extensive equipment library; and 
 Flexible configuration increasing accuracy in modelling specific operations. 
Talpac uses a Monte Carlo simulation approach that determines overall operational 
productivity and individual truck and excavator productivities. The Monte Carlo simulation 
enables all possible outcomes and the associated level of risk to allow for better decision 
making under uncertainty (Hubbard, 2017). Talpac enables complex and simple changes to be 
implemented appropriately. The following Table 20, illustrates the required Talpac inputs and 
their form. 
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Table 20:  
Talpac Inputs 
Input Form 
Geological information Density, Swell factor, Fill factor etc. 
Working roster 
Shift duration, working delays (operational and non-operational), 
scheduled and unscheduled lost shifts 
Haul road 
Geometry (inputted as a CSV file specific to the operation analysed), 
grade, rolling resistances, speed restrictions and empty/loaded travel  
Excavator specification 
Make and model, bucket capacity, cycle time, mechanical availability 
and digging delays 
Truck specifications 
Make and model, cycle time (spot and dump), weight modifications 
and local characteristics (power, transmission and speed). 
Outputs from Talpac allow an insight into the following: 
 Possible productivity rates (best and current case analysis); 
 Haul cycle time analysis (travel, load, haul, dump, queue and spot); 
 Availability, utilisation and adjusted bucket fill factors; and 
 Cost analysis in terms of capital and operational expenditure.  
 Caterpillar Fleet Production Cost (FPC) 
Fleet Production Cost (FPC) is a Caterpillar owned program used to calculate earth moving 
cycle times, fleet sizes and costs (Paul, 2008). By utilising the FPC simulation package the 
following is gained: 
 How well balanced the number of trucks to excavation units is; 
 Haul cycle time for associated trucking distances; 
 Total life cycle of costs analysis; and 
 Inclusion of specific truck and excavator costs, speeds and rated capacities. 
FPC is generally used to determine the required fleet size for an operation. The tool 
incorporates long-term productivity analysis, time requirements for equipment removal, 
equipment requirements and associated costs. Within the software package selections from 
equipment databases, manufacturer handbooks (OEM) and other input specifications made, 
coupled with inputted haul road geometry to create the working model. The following Figure 
24 illustrates the process within the FPC model. 
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Figure 24: Caterpillar Fleet Production Cost Model (Krause, 2006) 
 Arena (Rockwell Software) 
Arena is designed to measure, predict and test if haul road configuration or equipment selected 
is functional, proficient and optimal within the simulation procedure. The package is used to 
simulate the load and haul process that quantifies operational production rates and efficiency 
(Krause, 2006). Arena utilises the same simulation approach as Talpac yet differs according to 
the following: 
 Graphic presentation of simulation; 
 Truck maintenance and repair model; 
 Dumping site specifications; 
 Statistical functionality; and 
 Adapted machine repair model. 
Arena allows visual representations of assets during the simulation process. This allows for 
improved scenario analysis and understanding of specific inefficiencies present within the 
operation. Arena utilises different entities to represent static (workshop, waste dump etc.) and 
dynamic (trucks, shovels etc.) units increasing the accuracy of site reconstruction. Results 
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generated through simulation are converted, within the package, to graphs that allow for 
manipulation. Arena records individual truck activity during the haul cycle. This allows for 
individual truck analysis quantifying exact impacts within the haul cycle providing production 
and performance decreases to be quantified (Coronado and Pablo, 2014). 
6.2. FLEET MANAGEMENT SYSTEMS 
Fleet management is a function that allows companies (or individual operations) to remove or 
minimise the risk associated with vehicle transportation (Laukkonen, 2017). The aim of Fleet 
Management Systems (FMS) is to improve efficiency and productivity whilst reducing 
transportation and operating costs. Figure 25 represent how FMS are used. Using GPS systems 
which determine vehicle location, speed and direction, additional capabilities are used to 
transfer information from the server to equipment can be employed. FMS can be as simple or 
complex as required yet operator understanding is required for optimal performance. 
 
Figure 25: Fleet Management System Process (Coronado and Pablo, 2014) 
Fleet Management Systems can be classified in the following three ways as stated by Lizzote 
and Bonates (1987). Method 1 is manual FMS. Trucks are assigned to shovels based on 
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required production and specific site requirements (availability, location etc.). The truck 
assignment is generally fixed for the entire shift unless production plan changes are required. 
The shift supervisor is able to analyse truck movement throughout the shift on a real time 
display and can make changes accordingly. Additionally, crew breaks (crib) and hotseating 
requirements can be assessed immediately and clear instruction provided to operators to 
increase operational productivity. 
Method 2, semi-automated FMS utilises pre-programmed optimisation algorithms to 
recommend adequate truck assignment based on productivity demands. Semi-automated FMS 
is a passive approach to fleet management as recorded information is used to recommend an 
optimal system (Tlozek, 2017). Recommendations suggest a semi-automated system should be 
transitioned to a fully automated system to increase efficiency in real time.  
Method 3, fully automated dispatching FMS receives real time information from haulage and 
loading units to determine the optimal performance for specific trucks and dig areas. Fully 
automated FMS increase productivity and reduces inefficiencies attributed to meal breaks and 
shift changeovers. This method allows for external operators to facilitate onsite changes via 
internet access. Expected capital cost for a fully automated dispatch system is between $0.5M 
and $3.6M (Chen, Chou and Mu, 2016). 
6.3. HAULAGE OPTIMISATION THROUGH SIMULATION 
Considerable work and models have been used to simulate truck haulage for surface operations. 
Previous studies frequently simplifies aspects including truck reliability, priority settings and 
maintenance strategies including resourcing of the repair facilities (Durham, Hodkiewicz and 
Richardson, 2010). The ability to predict production rates is crucial for managers and 
stakeholders. A study conducted by Hodkiewicz, Richardson and Durham (2010) in a paper 
titled “Challenges and Opportunities for Simulation Modelling Integrating Mine Haulages and 
Truck Shop Operations” investigated 129 simulation and optimisation papers and each paper 
either omitted mention of asset availability or assumed a constant rate. By simplifying the 
process key outputs may be skewed to show data that does not accurately represent the 
operation (Newman, Rubio and Weintraub, 2010). 
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An analysis conducted by Jerry Banks (1997) in the applicability of simulation models found 
that poorly designed or implemented models negatively affected the operation. Banks analysed 
various scenarios and determined ten rules for when simulation is not appropriate. 
1) The problem can be solved using common sense analysis; 
2) The problem can be solved analytically (if economics are appropriate); 
3) It is easier to change or perform direct experiments on the real system; 
4) The cost of simulation exceeds possible savings; 
5) There are no proper resources available for the project; 
6) There isn’t enough time for the model results to be useful; 
7) There is no data – not even estimates; 
8) The model cannot be verified or validated; 
9) Project expectations cannot be met; and 
10) The system behaviour is too complex or cannot be defined. 
The study concluded that an integral part of using simulation methods was to understand what 
is required and how it can help within practical application. There are many benefits of model 
construction and the accuracy and application directly correlates with the improvements seen. 
Effective simulation improves the decision making process inducing extensive communication 
across working groups. 
Yifei Tan (2016) used VBA as a simulation approach to effective truck dispatching in open pit 
mines. The analysis aimed to generate a truck dispatching control table, with the use of VBA, 
which considers haul distance and location as the main input parameters. The following Figure 
26 illustrates how the simulation model was created. 
 
Figure 26: VBA Simulation Approach (Tan, 2016) 
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Within each cycle operators were instructed to queue at a selected shovel then dump material 
at a selected waste dump. The model determined the truck schedule based on current queue 
times, haul distances and required productivity needs. The process uses a multi-stage approach 
that divides the dispatching problem into distinct sub categories. The two categories are as 
follows: 
 Upper stage: consists of setting production targets for every shovel; and 
 Lower stage: assigns trucks to shovels to minimize deviation of production targets 
stipulated within the upper stage. 
 The chosen dispatch criterion is selected after considering the following: 
 Fixed Truck Assignment (FTA); 
 Minimise Truck Wait Time (MTWT); 
 Maximise Trucks; 
 Minimise Shovel Wait Time (MSWT) and Shovel Saturation (MSC); and 
 Maximise Momentary Truck Productivity (MMTP). 
The model was applied to an open pit mine in Mongolia and reduced the expected mining plan 
by 45%. This provided a significant cost saving for the company and increased operational 
efficiency. The use of software improved transport performance by outlining and optimising 
the key dispatch criterion previously mentioned. Simulations can assist mining project decision 
making through behavioural, visual and dynamic understanding (Takakuwa and Tan, 2016). 
Eskandari, Darabi and Hosseinzadeh (2013) simulated and optimised the haulage system of an 
open-pit mine in Iran. The scope of the analysis was to enhance the available resource of the 
haulage system to reach daily capacity as stipulated by the mine owners. Initial limitations 
negated the possibility for a capital intensive system due to budget constraints. In order to 
achieve this simulation-based multi-objective optimisation was used. The required input data, 
correctly categorised is present in Table 21. 
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Table 21:  
Input Data Sarcheshmeh Open-pit Copper Mine 
Truck and Shovel System 
Complete cycle time analysis Distances between dig and dump locations 
Availability of load-haul fleet Layout of haulage system and speeds 
Type of truck, speed, capacity and assignment 
requirement 
Working schedule of haulage system 
Number of trucks and shovels Capacity of crushers, screens and storages 
The simulation model, created with Arena was developed and based on the principle of flow-
orientated simulations such that real delays and processes can be accurately included. Once the 
model was created, the optimal (using OptQuest command) solution to the load and haul 
operation was found. The objective function, defined in-terms of cost, combined with 
additional constraints form the objective model. Additionally upper and lower bounds were 
applied to the required inputs. After simulation the following recommendations were made: 
 Increase the number of shovels by one to reduce the queue time of trucks; 
 Reduce the number of trucks to suit the loading equipment; and 
 Reduce the number of crushers by one. 
The model stated by implementing these changes operational efficiency and production output 
would be increase. Upon implementation of the suggested model the operation was reanalysed. 
Throughput rates had increased by 3%, utilisation of the haulage fleet increased 8% and overall 
machine utilisation increased 12-20%. From the analysis significant improvements can be seen 
without the need for CAPEX intensive systems to be implemented. The study concluded that 
the key to successful simulation is to understand the operation, provide an accurate objective 
function and develop appropriate constraints (Darabi, Eskandari and Hosseinzadeh, 2013). 
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7. COMPANY A MINING OPERATION 
The coal mining project located in Central Queensland, operated by Company A utilises the 
truck and shovel mining method. Two hydraulic excavators in backhoe configuration are used 
to mine both coal and waste with combined outputs of 11Mtpa and 30Mbcm respectively. The 
current contract allows the control over the haulage operation alone, thus, optimisation is key. 
CAT 789s are used to transport coal to the Run of Mine (ROM) and waste to the required waste 
dump. Figure 27 illustrates the location of the operation.  
 
Figure 27: Mining Operation Location 
The Central Queensland climate experienced by the operation is generally warm and 
temperate. The average high and low temperatures within the area are 30.4oC and 18.5oC 
respectively. Average rainfall for the year is 490mm which occurs over approximately 50 
days of the year. The following Figure 28 illustrates the fluctuations in rainfall and 
temperature where the wettest months are October to March. It is vital to understand the 
rainfall and temperatures experienced within the area as this can drastically impact the overall 
mine plan and more specific mine planning processes. 
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Figure 28: Climate Experienced by Mine  
The operation has approximately 30 employees per shift manning the truck and shovel 
operation where a 7-on 7-off roster is used. Traditionally shift times have been 12 hours up 
until June 2017 where a transition to 12.5-hour shifts was made. It is important the operation 
sets working targets for the crew and thus a first load target of 6:15am to 6:45am is used and 
last load target of 5:45pm to 6:15pm. This aims to increase time digging yet does not solve all 
issues as an increase in time does not necessarily translate to an increase in rate. 
7.1. PERFORMANCE METRICS 
To better assess the operation and set appropriate benchmarks, availability and utilisation 
targets have been set based on asset performance metrics developed in alignment with the 
Company TUM. The following categories are used as the primary indicators of asset 
performance, these are: 
 Physical availability; 
 Field utilisation; 
 Utilisation of available time; and 
 Mean time between failures. 
The aforementioned targets and how the metric is attained is illustrated in Table 22 
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Table 22:  
Asset Performance Metrics Targets 
Metric Equation Target 
Physical Availability 
𝐴𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒 𝑇𝑖𝑚𝑒
𝑅𝑜𝑠𝑡𝑒𝑟𝑒𝑑 𝑇𝑖𝑚𝑒
 92% 
Field Utilisation 
𝑊𝑜𝑟𝑘𝑖𝑛𝑔 𝑇𝑖𝑚𝑒
𝐹𝑖𝑒𝑙𝑑 𝑇𝑖𝑚𝑒
 82% 
Utilisation of Available Time 
𝑊𝑜𝑟𝑘𝑖𝑛𝑔 𝑇𝑖𝑚𝑒
𝐴𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒 𝑇𝑖𝑚𝑒
 75% 
Mean Time Between Failures 
𝐹𝑎𝑖𝑙𝑢𝑟𝑒 𝐸𝑣𝑒𝑛𝑡𝑠
𝐸𝑛𝑔𝑖𝑛𝑒 𝑂𝑁 𝑇𝑖𝑚𝑒
 80 hours 
The importance of monitoring availability and utilisation is to better understand the operation 
and monitor changes made and quantify the effect. Without this monitoring the operation is 
unable to adapt to changes influencing viability and profitability. Alongside the asset 
performance metrics, targeted dig rates have also been stipulated. These apply to different 
material types dependent on material properties and ease to dig. The following material types 
and associated targets will be analysed for the purpose of this study: 
 Prestrip: 1623 tonnes per hour; 
 Overburden: 1410 tonnes per hour; 
 Wedge: 1004 tonnes per hour; and 
 Coal: 1093 tonnes per hour. 
These rates have been determined and are required to be met such that production rates can be 
met. The contracted rates impacts how the pay structure is determined and thus is vital to be 
understood and maximised. To assist in achieving these rates a holistic approach that includes 
asset performance metrics must be taken. Additionally when considering changes to the 
operation an emphasis must be places on safety and managing risks. The primary objective is 
that a zero harm mentality is achieved and this cannot be compromised. It is vital that changes 
many do not impact safety processes on site. These must be considered by the relevant 
personnel and need appropriate review if implemented. 
7.2. WORKING CONDITIONS 
The coal mining operation has some significant geological challenges that impact scheduling 
and overall mine plan. The largest challenge is seam dip. The coal seam can dip to 30% (approx. 
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17o) which impacts how the coal can be extracted and what working distances are required. In 
some areas additional running tracks and ramps are built in pit such that lower areas of coal 
can be removed before retreating out of the pit and completing the good-bye cut. The following 
Figure 29 illustrates a typical cross section through the strip mining operation.  
 
Figure 29: Mining Cross Section 
As can be seen from Figure 29 blasted material is required to be removed before the coal seam 
can be extracted. The overburden removal is completed by dragline and truck and shovel 
processes. The coal seam is removed using the truck and shovel process alone. Typical 
dimensions for the operation are as follows: 
 Strip width: 65m; 
 High Wall angle: 70o; 
 Low Wall angle: 37o (angle of repose); 
 Strip ratio: 4 (increasing with depth); and 
 Seam thickness: 4m. 
As the geology of the deposit changes pit orientation must also. It is vital that the mine plan 
suit the fixed deposit and equipment must be able to cope with this. Again, to ensure these 
processes are completed correctly and on time assets must be complying with company 
requirements, hence monitoring of equipment is vital. 
7.3. INFORMATION MANAGEMENT SYSTEMS 
Onsite reporting processes involve entering tasks completed during the shift manually. This 
reports times spent completing the task, what the task was and where the task was completed. 
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The production of the shift is calculated using contracted rates and is later adjusted according 
to survey volumes completed during end of month reporting. The tonnes of material is further 
adjusted using Vital Information Management Systems (VIMS) attached to the trucks that 
primarily monitor truck weight. This is then inputted and the overall number of trucks and 
weight is tallied to find the production (coal and overburden) for the shift.  
The in house software used to create all daily reports is called InfoMINE and is used by the 
technical services, production and maintenance teams. This process relies heavily on the data 
to be entered correctly to ensure that the numbers generated and accurate and representative of 
the operation. The data entry package used to store shift productivity information aligns with 
the TUM and assigns work done to the appropriate time category. The process is manual and 
mining FMS are not utilised. Current practices utilise the data to compare crew productivity 
rates (overburden and coal removal) and calculate truck fill factors to provide information to 
operators determining areas of improvement. 
Data analysis and monitoring techniques used by Company A determine asset performance and 
pinpoint inefficiencies within the operation. A focus is placed on optimising availability and 
utilisation of major digging and loading units to directly increase productivity rates. Current 
methods rely on operator proficiency and dig area set-up to create a working area that is suitable 
to the loading unit and a haul road design to decrease cycle time. 
The information provided from VIMS requires manual collection that is conducted on a 
fortnightly basis. Data is then interpreted and implementation occurs a week later when the 
crew returns to site. This information is lying dormant for three weeks (minimum) which 
decreases the possibility of inefficiencies to be understood and improvements made. 
Operational changes are made based on TUM related data that is analysed the next day during 
a planning meeting. Additionally shift reporting every 3 hours (quarterly) is required by shift 
supervisors to allow managers to address specific changes that require immediate 
implementation. The reporting focusses on: 
 Dig rate and total tonnage; 
 Operational delays per 3 hour period; and 
 Material hauled (coal or waste) and haul distance. 
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Through additional monitoring matrices and understanding of site specific process, the 
downstream effects and possible solutions the operation can increase availability and utilisation 
rates without the need for a site wide fleet management system. 
7.4. CURRENT PRODUCTIVITY RATES 
To gain a better understanding for the current operation a dig rate analysis was conduction prior 
to any time usage analysis. This was done to determine how the operation compares to the 
production targets set. This was done for coal and overburden as they make up the largest 
portion of removal for the operation. Additionally these are where most of the improvements 
can be made and a best practice operation achieved. The data collected for dig rate plots the 
actuals versus targets for January to June 2017. The following graphs (Figure 30 and Figure 
31) represent the results. The coal and overburden targets are 1093t/hr and 1410t/hr 
respectively. 
 
Figure 30: Dig Rate Target vs Actuals (Coal) 
The above graph for coal removal rate shows that the operation is not meeting targets and the 
current company solution is to increase shift duration such that targets are met despite working 
at the lower rate. The purpose of the project is to see if, by improving availability and 
utilisation, the rate can be improved such that working time does not have to be increased. 
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Figure 31: Dig Rate Target vs Actuals (Overburden) 
From the above overburden removal graph it is seen that over the first six months of the year 
target rate was never met. This forces the operation to place more effort into ensuring rate is 
met. Without this the operation may transition to unviable and force major changes that require 
large amounts of capital expenditure. In May the rate experienced (758t/hr) was far below the 
required rate. This was due to a hard dig area that impacted the operation and will be discounted 
for further analysis as it does not accurately represent the operation. Within the operation 
blasting is controlled by the mine and thus the following can impact the truck and shovel 
operation with minimal prior knowledge: 
 Hard dig; 
 Poor through seam blasting; and 
 Blasting delays. 
These are all uncontrollable and negatively impact the operation. As prior literature confirms 
that the truck and shovel can be improved by optimised blasting techniques this will not be 
focussed on as on site changes cannot be made to the blasting process. 
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8. PROCEDURE 
To accurately determine what is happening within the Central Queensland Coal Mining 
operation it is vital that the data collected be representative and reliable. The data used is 
collected by the site and forms a integral part of the reporting process thus can be assumed to 
be suitable for this project. The procedure for completion of this project has been separated 
into three key areas being: 
 Data collection; 
 Cycle time interpretation and process; and 
 Asset performance metrics calculations. 
It is vital that all data is collected in accordance with on-site safety practices and company 
policies and procedures are followed.  
8.1. DATA COLLECTION 
The data collected is from the 5th – 31st of January 2017. The data analysed presents the 
availability and utilisation percentage for each day during this period. The data included, for 
an entire day shows no differentiation between day and night shift. The site targets availability 
percentages of 92% for primary excavation units and 92% availability per truck. Utilisation 
rates of 75% are targeted. The data collected monitors all equipment on site yet for the purposes 
of the project only the haulage fleet (trucks and excavators) will be analysed. 
The data was collected is accordance with VIMS and correlated back to baseline results present 
within daily maintenance and operations data. Initial raw data (VIMS) has slight errors present 
due to time allocations not aligning with the TUM used by Company A. After time has been 
reallocated in accordance with the TUM accurate availability and utilisation data that 
represents the haulage fleet is gained. The data collected is compared to the current standards 
to determine how actual and theoretical availability and utilisation results impacted the 
operation. The process to acquiring this data is as follows: 
1) Tasks are assigned by the supervisor to each member of the crew, this includes 
equipment allocations; 
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2) The tasks are completed with the SMU hours of each machine recording such that 
working time can be determined; 
3) Excavator rates is determined by multiplying working hours and contracted rate; 
4) Trucks counts and payload (from VIMS) are used to adjust productivity per shift (from 
step 3) giving the final production values (material moved to ROM and waste dumps); 
5) Data is analysed and checked for any minor or major mistakes; 
6) Using InfoMINE reports are generated presented to management and the client; and 
7) Asset performance metrics are calculated and the results used to assess the quality of 
the shift. 
The data is presented within an excel spreadsheet containing all information necessary to 
understand the operation. The following Table 23 illustrates the areas addressed and what their 
purpose is: 
Table 23:  
Data Collection Interpretation 
Parameter Description 
Shift Description What shift is being completed (Day / Night) 
Shift Date The date the shift is being completed 
Activity Code The code relating to the activity description (linked to TUM) 
Activity Description What activity is being completed (category from TUM) 
Reason Description What process is being completed (subcategory of activity description) 
Equipment The equipment being used for the task (name within operation) 
Equipment OEM Model What type of equipment is being used (as per OEM naming) 
Related Equipment Any equipment upstream of the process (generally primary diggers) 
Location Code Where the task is being conducted (Format: Pit/Strip/Seam/Run/Rise) 
Location Pit Which pit the task is being completed in 
Material Code What material is being removed during the task (Coal or Overburden) 
Material Type Code Overall material category (Waste or Coal/Ore) 
Destination Code Where the material is being moved to (## Dump or ROM) 
Crew Code What crew is completing the task 
Prodstat Code What measuring unit is being used (Hours, SMU etc.) 
Production Value The value assigned to the Prodstat Code 
Location Seam What seam is being removed for both coal and waste 
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To further analyse the data the working time was divided into the following categories: 
 Primary Working Time (PWT); 
 Internal Operating Delays (IOD); 
 Planned Maintenance (PMD); 
 Unplanned maintenance (UMD); 
 Secondary Working Time (SWT); and 
 External Operating Delay (EOD). 
The purpose of doing this is to understand how the machines (trucks and primary digging units) 
are operating and enable asset performance metrics to be determined. By splitting the working 
time the efficiency of the operation and further operational improvements can be determined. 
Further analysis identified Internal Operating Delays (IODs) and External Operating Delays 
(OEDs) as an area for improvement, to better analyse this area the following was conducted: 
1) The total time spent in an internal operation delay state was found; 
2) All possible IODs and OEDs were found and what processes these are attributed to; 
3) Assign the amount of total time to each IOD/OED process to determine which had the 
largest impact on the operation; and 
4) Split IOD and OED processes into controllable and uncontrollable factors. 
The following delay processes (Table 24) were analysed and categorised accordingly. Once all 
delay data is collected using the methods mentioned, further analysis can be conducted. The 
purpose of collecting the delay states is to identify and pinpoint areas of improvement and 
determine how much, money or resources, the operation stands to make or save. 
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Table 24:  
Delay Processes 
IOD Process Uncontrollable / Controllable Description 
Breakdown Uncontrollable Machine has unexpectedly broken down 
Weather Uncontrollable Poor weather stopping work 
Crib Controllable Mandatory meal break (1 hr per shift) 
Prestart Controllable Mandatory time to check machine 
Planned Controllable Scheduled delay time 
Not Required Controllable Scheduled delay time 
Toolbox Controllable Mandatory morning meeting 
Wait Trucks Controllable Time digger is waiting to load trucks 
Pit Setup Controllable Digger is required to setup the pit 
Standby Uncontrollable Wait time due to external factors 
Relocate Controllable Moving to an alternate location 
Client Uncontrollable A delay incurred by the client 
No Operator Controllable Machine unable to work due to labour 
Safety Controllable Delay due to a safety event 
Blast Uncontrollable Delay due to blast exclusion zone 
Survey Controllable Stopping work due to survey requirements 
Wait Digger Controllable Trucks waiting to be loaded due to digger 
8.2. CYCLE TIME INTERPRETATION AND PROCESS 
To further understand the truck and shovel process a haulage analysis, more specifically cycle 
time analysis, is used. This aims to understand the haulage operation and determine any areas 
requiring specific attention. This can come in the form of process adjustments, additional 
training or truck matching. To attain appropriate data, the cycle time was separated into the 
following and recorded in the field: 
 Load number and associated truck; 
 Arrival time; 
 Positioned to load; 
 Leave to dump; and 
 Return from dump. 
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All these times have been measured using a running timer such that further analysis must be 
conducted before representative cycle times are calculated. The following Table 25 illustrates 
the areas targeted and how they were calculated. 
Table 25:  
Cycle Time Analysis Areas 
Cycle Time Component Equation Description 
Wait / Queue 𝐴𝑟𝑟𝑖𝑣𝑎𝑙 − 𝐿𝑒𝑎𝑣𝑒 𝑡𝑜 𝐷𝑢𝑚𝑝 
Time either digger or truck is 
waiting to load 
Spot 𝐴𝑟𝑟𝑖𝑣𝑎𝑙 − 𝑃𝑜𝑠𝑖𝑡𝑖𝑜𝑛𝑒𝑑 𝑡𝑜 𝐿𝑜𝑎𝑑 
Time for a truck to position ready to 
load 
Load 
𝑃𝑜𝑠𝑠𝑖𝑡𝑖𝑜𝑛𝑒𝑑 𝑡𝑜 𝐿𝑜𝑎𝑑
− 𝐿𝑒𝑎𝑣𝑒 𝑡𝑜 𝐷𝑢𝑚𝑝 
Time for the excavator to fill the 
truck (4 buckets) 
Time per bucket 
𝐿𝑜𝑎𝑑 𝑇𝑖𝑚𝑒
4
 Time each excavator bucket takes 
Total cycle 𝐴𝑟𝑟𝑖𝑣𝑎𝑙 − 𝑅𝑒𝑡𝑢𝑟𝑛 𝑓𝑟𝑜𝑚 𝐷𝑢𝑚𝑝 
Total time to complete one haul 
cycle 
To further understand the haulage cycle time and the impacts the data can be matched with 
what was seen within the InfoMINE data during the collection periods. Additionally truck 
breakdowns and unexpected delays impact the viability of the results and have been omitted 
yet will still be discussed as they allow a better understanding of operational delays to be 
determined. The delays over the 12 hour shift are to be plotted and investigated where 
conclusions drawn will formulate an improvement strategy coupled with the analysed asset 
performance metrics. To determine if the truck or excavator was in a delay state depends on 
the wait/ queue time category. If this is negative the excavator is waiting on the truck, yet if 
positive, the truck is queuing and waiting for the excavator. This allows the operation to be 
analysed in terms of truck or excavator limited and could propose the need for additional 
equipment if warranted. 
To further understand the delays present within the operation the average delay time is 
calculated by dividing the total delay time by the number of hauls completed. Plotting this as 
a function of shift duration will be conducted to understand if any trends or anomalies are 
present within the data.  
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8.3. ASSET PERFORMANCE METRICS CALCULATIONS 
To understand the truck and shovel operation asset performance metrics have been 
implemented in accordance with the Company TUM. Targets have been set to ensure the 
operation meets productivity demands set by the client. It is vital that these are understood and 
adjustments made accordingly to ensure the operation is working to its maximum potential. 
Many metrics have been identified by the company and their purpose is suited to different 
working areas. As the project focusses on the truck and shovel process the asset performance 
metrics selected will be specific to these operational areas, these are: 
 Annualised SMU hours; 
 Annualised work hours; 
 Utilisation of available time; 
 Field utilisation; 
 Physical avail ability; and 
 Mean time between failures. 
To calculate these metrics equations derived from the TUM are used. The targets are plotted 
against the actuals and results inferred from this. In doing so the operation can be compared to 
best practice and that found in literature whilst also assessing the viability and the possibility 
for improvement. The data required to complete this comes from both InfoMINE and VIMS, 
such that no additional data collection is required. The following Figure 32 illustrates how the 
process of data collection and interpretation assists the operation and where improvements can 
be realised. 
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Figure 32: Continual Improvement Process 
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9. TIME USAGE ANALYSIS 
The first analysis technique used was a time usage analysis. This aims to acquire and split all 
data into the relevant sections as per the TUM. This is a way that the operation can be better 
understood on a generic level such that further analysis can be conducted on pinpointed areas. 
For this analysis the following assets were analysed: 
 2 x Hitachi EX5500 backhoe configuration (29m3 bucket capacity); and 
 12 x Caterpillar 793s (nominal payload: 226.8 tonnes). 
9.1. EX5500S TIME USAGE ANALYSIS 
As the EX5500s are the primary digging units it is vital that they maximise available working 
time and minimise unexpected delays. In doing so the operation is able to increase dig rate and 
more easily meet production demands without increasing shift duration. The following Figure 
33 illustrates the working time break down for both EX5500 digging units. 
 
Figure 33: EX5500 Time Usage Analysis 
From the analysis it was found that 66% of total time is spent completing the primary task of 
the digging unit. The IODs total 17% of total time and are controllable delay events that must 
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be minimised. Additionally, 8% of time is spent in an uncontrollable delay state that cannot be 
avoided, this is due to weather and other unexpected events. To optimise the truck and shovel 
operation it is imperative that the primary digging units operate at a rate that does not cause a 
bottleneck within the system. The trucks and excavators must produce at an event rate so an 
optimal match factor of one can be attained and maintained. 
9.2. CAT 789S TIME USAGE ANALYSIS 
To analyse the trucking fleet a total of 15 trucks are available for use by the operation. Some 
of these trucks are at various stages within their life and thus 12 trucks are generally used to 
maintain the productivity demands of the operation. Generally, a minimum of 2 trucks will be 
getting serviced and another used as a replacement in case unexpected breakdowns occur. As 
the trucks are rotated out often it makes attaining representative data difficult as the PWT of 
one truck can be altered by another when viewed as an overall trucking fleet. To combat this 
this following was done: 
 Individual trucks units analysed and those with major delays or unexpected mechanical 
events were excluded; 
 Trucks that were only used for a short time (one month) over the six month period were 
excluded; 
 Trucks that have been used only as ROM trucks (moving coal from the stockpile to 
bin) have been excluded as that is a separate haulage system to the primary truck and 
shovel process analysed for this project; and 
 Any trucks that were purchased after January 2017 have been excluded as they do not 
give representative results of the operation. 
The following Figure 34 illustrates the working time breakdown for the CAT789 trucking fleet. 
As can be seen 62% of time is spent conducting the primary task of hauling overburden or coal. 
It is expected that this be lower that the primary excavators as the minor variations within trucks 
decreases the overall average. This has been minimised using the aforementioned points and 
thus the results interpretative are able to be used and appropriate conclusions drawn. 
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Figure 34: CAT789s Time Usage Analysis 
The IODs experienced by the trucking fleet was 18% of total time, an additional 8% of 
uncontrollable lost time delays were experienced by the system. To maximise haulage 
efficiency controllable delays must be maximised. The delays that affect the entire fleet will be 
focussed first then those that are less common, affected individual trucks will be analysed. 
Unplanned maintenance accounts for 6% of the lost time experienced by the system. This is 
heavily impacted by individual trucks and a larger focus will be placed on decreasing the IODs 
within the system. As the maintenance schedule is unpredictable (both PMD and UMD) the 
PWT of the system is decreased. For a more representative analysis of the delays experienced 
maintenance issue will be excluded as the project aims to improve productivity within 
operational areas by increasing availability and utilisation. 
To improve the overall truck and shove system the downstream effects of improvements made 
must be quantified. As the primary digging units are the focus for the operation the 
improvement strategy generated with be specific to the two Hitachi EX5500s. By increasing 
the working time on the excavators, improvements will be seen within the trucking fleet as a 
large part of the delays within the trucking fleet are caused by delays (maintenance, SWT etc.) 
occurring at the excavator. 
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10. DELAY ANALYSIS 
From the time usage analysis internal, external and maintenance delays all negatively affect 
the operation. To pinpoint what processes most affect the operation a delay analysis for the 
EX5500s was conducted. This aims to classify specific problem areas and identify major 
working delays within the system. By comparing this to the overall productive time (time 
loading) within the system the effect of the delays can be quantified. Using a nominal operating 
cost of $500 per hour the monetary value lost by these delays annually can be identified. 
10.1. LOST TIME DELAYS 
The data used to identify the lost time delays is as per the InfoMINE data input. Within Figure 
35 all the delays experienced by the operation have been plotted against the total time in hours. 
Some delays within the operator are mandatory, as per legislation and cannot be avoided, they 
are: 
 2 x 30 minute meal breaks per shift (1 hour total); 
 Approximately 15 minutes to prestart the chosen machine as per on site safety protocol 
and requirements; 
 Toolbox meeting at the start of shift for approximately 15-20 minutes. This is used so 
that the crew are aware of what is required for the shift, where they will be located and 
any hazard within the working environment; and 
 Shift changeover where the crew leaves the machine being worked on to make it to a 
central location for the end of shift (approximately 15 minutes). 
As these delays are unavoidable they will be discounted from the study. Despite this the lost 
time around these delays will be included as they have a major impact on the operation and 
increase the time the machine is not able to be working. This means that for each shift a total 
of one hour has been taken out for crib, yet if the break takes 1.5 hours a delay of 30 minutes 
will be added to the system. 
The shift duration worked on site is 12 hours and excluding the delays mentioned a digging 
time of 9.5 hours is targeted for the primary digging units. This accounts for additional delays 
that, on average, total 1 hour per shift which are based on previous working years and 
experience within the industry. The excavators are expected to be available for 10 hours of the 
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12 hour shift. Within the delay analysis both controllable and uncontrollable delays have been 
included and following further analysis will be separated and quantified accordingly. Figure 
35 shows the delay analysis for the Hitachi EX5500 digging units from January to June of 
2017. 
 
Figure 35: Delay Analysis EX5500s 
From the analysis the largest delays to the system were weather and unexpected breakdowns. 
These account for 22% and 18% of the delays experienced by the operation respectively. 
Weather is a delay that is uncontrollable and has been built in scheduled and mine plans such 
that a total of 30 wet days are accounted for annually. A total of 22 wet days were experienced 
for the first six months of the year and thus the total wet days for the year can be inferred to be 
closer to 40. This is an additional 10 wet days that have not been accounted for and will 
negatively affect the system. As this is uncontrollable this will not be focussed on during the 
projects final improvement strategy. To get a better understanding of how these delays affect 
the overall system they have been graphed as a percentage of overall working time, Figure 36 
illustrates this. 
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Figure 36: Comparison of Delays to Overall Working Time 
The processes completed on site combine to determine the time spent working and in delay for 
the EX5500 digging units. As can be seen the excavators are completing their primary function 
of loading trucks for 61% of the total available time. The times lost around crib make up 5% 
of all working time and the ‘other’ component is made up of the following: 
 Wait truck, wait digger and standby delays; 
 Pit setup, relocate, blast and survey delays; and 
 No operator and client delays. 
From the analysis a total of 39% of the overall working time is spent completing process less 
efficient than the primary loading function. Some of these delays are expected or mandatory 
but there is room for improvement within the load and haul process at the operation. Further 
breakdown of the delays will look at those that are controllable and uncontrollable such that 
possible changes can be identified and the improvements quantified as a dollar value. 
10.2. CONTROLLABLE VERSUS UNCONTROLLABLE FACTORS 
To determine where improvements can most likely be made to the haulage system the 
controllable and uncontrollable factors (delays) must be analysed. The separation of the two is 
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based on site processes and recommendations by site personnel. For the project the controllable 
factors and the changes possible will form the improvement strategy recommended to the 
company. Additionally the controllable delays are those that force the operation to an 
unexpected stop and thus impact all technical services, operational and maintenance working 
departments. The following Figure 37 illustrates the separation of controllable and 
uncontrollable factors again time, in hours. Controllable factors make up 56% of delays and 
the final 44% comprised of uncontrollable factors. 
 
Figure 37: Controllable vs Uncontrollable Delay Factors 
By applying a nominal operating cost of $500 per hour to each digger that total annual cost of 
controllable delays to the operation is $3.4M. By reducing these improvements to both 
production and profitability will be seen. It is vital that a focus be placed on controllable delays 
as they are the easiest to identify, the changes can be quantified through modelling, 
improvements strategies easily quantified and downstream effects realised more quickly and 
easily.  
10.3. INTERNAL OPERATING DELAYS 
Internal Operating Delays (IODs) are defined as a delay event where the initiation is 
controllable. This sub section of the company TUM must be minimised to ensure an efficient 
operation, in doing so viability of the operation is improved. The following Table 26 illustrates 
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to IOD process analysed and the time lost over the six month period to each process for the 
primary digging units. 
From Table 26 the following Figure 38 represents the internal operating delays experienced 
over the six month period analysed for both Hitachi EX5500 units on sit. For simplicity, the 
delays that having minimal impact on the system have been excluded. The top eight IOD 
categories are represented. 
Table 26:  
Internal Operating Delay Processes EX5500s 
IOD Process Description Time Lost 
Meal Break (MB) Time lost around crib breaks 384.4994 
Shift Change (SC) Time lost around shift changeover 265.4176 
Meeting/Tool Box (MTB) Time lost around morning meeting 179.1673 
Relocate - Alternate 
Work Area (RWA) 
Time primary digging units are relocating to the next 
working area 
83.08345 
Waiting Attendant Plant 
(WAP) 
Time excavators are waiting for trucks to be ready for 
loading 
79.91679 
Prestart/Inspection (PI) Time lost around daily prestart and inspection 70.50034 
Production Delay (PD) 
And unspecified production delay that impacts the 
operation 
64.75007 
Not Required (NR) 
Time the excavator is not required incurred by either the 
company or the mine 
42.16671 
Incident/Accident Time lost around an incident or accident (safety) 11.08333 
Relocate - 
Maint/Serv/Other Delay 
Time primary digging units are relocating due to a 
maintenance or blasting related event 
10.74997 
Daily Service/Refuel Time taken to refuel or service the excavators 9.16668 
Waiting - Survey Time lost due to survey requirements 8.50001 
Blast Delay Time lost due to blasting requirements 7.25001 
Waiting - Direction Time lost due to no task ready for completion 4.91668 
No Operator 
The time a machine is available for use but does have an 
operation to complete the task (labour shortage) 
2.08333 
Waiting Primary Plant Time lost waiting for major digging units 1.41667 
Hot Seating Time lost around hot seating arrangements (travel time) 0.25 
Geotechnical Time lost due to a geotechnical event 0 
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Figure 38: Internal Operating Delays 
From the analysis it was found the time lost around meal breaks and shift changeover are the 
largest IODs that must be minimised to increase the working time available. The relocate work 
area delay (RWA) is somewhat unavoidable as the machines are required to move between pits 
in order to complete tasks as per schedule. Waiting attendant plant (WAP) is the time the 
excavator is sitting idle (with or without a load) waiting for a truck to spot and be loaded. Upon 
observing the operation some truck operators would take additional time to position correctly. 
The following Figure 39 illustrates the site process to correctly approach the working dig face. 
Figure 40 illustrates the desired loading positions. 
 
Figure 39: Approaching the Working Bench 
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Figure 40: Correct Loading Position as per Site Requirements 
It is important that the loading processes are followed to minimise WAP as this delay 
negatively affects the operation. Additional as swing angle impacts load time, if trucks are 
placed correctly this can be optimised and the overall haulage process improved. Finally, these 
truck placements improve operational safety and ensure blindside loading is kept to a 
minimum. This enable a full view of the working floor and entry/exit points. This method is 
generally favoured by best practice coal mines and should be adhered to when possible at the 
operation. 
The same IOD analysis was conducted for the trucking fleet and similar results were seen. As 
with the EX5500s meal break and shift changeovers were the largest contributors to the total 
delays present. The following Figure 41 illustrates the breakdown on IODs for the truck fleet. 
 
Figure 41: Breakdown of IODs CAT789s 
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The Not Required component of the analysis arises as trucks are placed idle or available to be 
used but not due to insufficient tasks available or labour shortages. This delay is difficult to 
control as it requires a large operational change. This shouldn’t cause for alarm but should be 
monitored to ensure the schedule is developed to appropriate truck numbers and if additional 
truck operators are ever required. Maximising the use of the trucks available will ensure there 
is an improvement to material moved as more trucks can be added to a truck limited circuit. 
It is vital that the IODs affecting the operation be understood as they impact the working time 
available and increase the cost of the operation. The improvement strategy developed will focus 
on reducing these delays and further analysis will be conducted. One of the largest issues with 
IODs is that they are heavily impacted by human interference. It relies on people performing 
their tasks correctly and effectively. The following Figure 42 illustrates how the individual 
affects productivity. 
 
Figure 42: Impact of the Individual on Productivity 
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11. ASSET TIME CAPTURE SYSTEM 
Aligning with the company Time Usage Model asset performance metrics have been identified 
with specific on-site targets set. These allow an in depth understanding of how each asset was 
working during the specified task. The data used for this process is collected using InfoMINE 
and adjusted according to survey and VIMS volumes. If the operation is under target there is 
room for improvement specific to the operation. To better understand individual assets the 
primary digging units have been separated into EX2320 and EX2321, as per previous analysis 
techniques the trucking fleet is viewed as one working unit with unrepresentative data 
discounted. The following performance metrics will be analysed: 
 Physical availability; 
 Utilisation of available time; 
 Field utilisation; and 
 Meat time between failures. 
11.1. TIME COMPONENT ANALYSIS 
Prior to calculating and interpreting the asset performance metrics the time components of the 
TUM must be found. This is done by using the time usage working time and delay analysis to 
determine the necessary time fractions required for calculation. The following Table 27 
represents how the time components were calculated. 
Table 27:  
Time Component Analysis 
Metric Equation EX2320 EX2321 CAT789s 
Calendar Time Total time in period 4080 hrs 4080 hrs 4080 hrs 
Work Time PWT + SWT 2334 hrs 2585 hrs 30122 hrs 
Available Time PWT + SWT + IOD+ EOD 3214 hrs 3510 hrs 42314 hrs 
Field Time PWT + SWT + IOD 2947 hrs 3205 hrs 38781 hrs 
Rostered Time PWT + SWT + IOD + EOD + PMD + UMD 3358 hrs 3987 hrs 48731 hrs 
11.2. PHYSICAL AVAILABILITY 
Physical availability refers to the proportion of rostered time the asset was available for use 
outside of maintenance downtime. Generally this metric is used to determine how maintenance 
affects an operation and is a good tool to compare similar operations. The target for physical 
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availability at the operation set by the company is 92%. Figure 43 illustrates the percentage 
physical availability for the primary digging units and the trucking fleet.  
 
Figure 43: Physical Availability 
 EX2320 
From the analysis it can be seen EX2320 achieves an average physical availability of 96% 
which is 4% above the target. This primary digging unit was primarily digging overburden and 
prestrip material during the six month period and remained relatively free of any major 
mechanical breakdowns and large scheduling impacts.  
 EX2321 
EX2321 achieves an average physical availability of 88% over the six month period which is 
4% below target. This has been caused by a large amount of failure events, a total of 78 were 
experienced across the 2738 SMU hours operated. Additionally this excavator was planned to 
work for 650 hours more than EX2320 over the six month period. This was caused by EX2321 
being the primary coal removal asset and was required to continue running to maintain the 
ROM stockpiles to a suitable volume. Additionally, this digger encountered approximately a 
three week period of hard dig due to poor blasting, this caused the following: 
 A drop in expected rate requiring an increase in working time; 
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 Additional strain on the machine increasing the number of minor breakdowns; 
 Following the hard dig upon inspection the excavator had a cracked bucket and boom 
(minor) which required immediate repair due to safety protocol. This forced the 
machine to be in a maintenance delay for approximately a month; and 
 A change to dig path to bring coal earlier into the schedule to account for the time lost 
whilst uncovering the hard dig area. 
Despite being rostered to work an additional 650 hours EX2321 only completed an additional 
250 working hours (completing primary function). The initiation of hard dig is uncontrollable 
yet has a significant impact on the operation as can be seen in the results. Additionally it is 
expected that the primary coaling excavator operate at a slightly lower rate (as seen in 
contracted rate). A focus should be places on achieving the target rate for EX2321 
(improvement) whereas, for EX2320, the current processes should be kept and maintained as 
this achieves greater than the set target of 92% for physical availability. 
 CAT789s 
The trucking fleet has a physical availability of approximately 87% which is 5% below the 
targeted 92%. This is caused by the dependency on the primary digging units as well as 
grouping all trucks as a single unit. To better understand the trucking operation each truck 
should be considered and analysed singling out those that perform at the optimal rate and 
improve those underperforming. For the purpose of this project more analysis will be placed 
on the primary digging units and how they affect the overall haulage system as improvements 
made will increase the production output of the trucking fleet in turn closing the gap between 
target and actuals for the asset performance metrics analysed. 
11.3. UTILISATION OF AVAILABLE TIME 
Utilisation of available time is the proportion of time the asset was performing the intended use 
within the allotted rostered time excluding maintenance downtime. This is used to determine 
how well the projects team is utilising the asset. For the primary digging units this is the 
proportion of time working where delays negatively affect this metric. The following Figure 
44 illustrates the results found for this metric. 
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Figure 44: Utilisation of Available Time 
As can be seen from the results all assets, on average, were below the target of 75%. There was 
a very small difference between EX2320 and EX2321 (less than 1%) and thus is representative 
of the operation. In order to increase this metric a focus needs to be placed on increased to work 
time as a portion of the available time. This means reducing the operational delays (IODs and 
EODs) experienced over the operation. As the largest IOD contributors have been identified a 
specific improvement strategy can be generated and the results quantified by analysing the 
benefits if the operation meets the targeted metrics. 
11.4. FIELD UTILISATION 
Field utilisation is the measure an asset is performing its intended task during the controllable 
period. This metric is used to assess operations teams and forms internal reporting processes 
that isolate the impact of IODs. The following Figure 45 illustrates the findings of this analysis. 
The target set by the operation for field utilisation is 82%.  
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Figure 45: Field Utilisation 
As can be seen from the analysis neither primary digging unit meets the utilisation target set. 
Field utilisation is a function of field and work time where the largest impacts come from an 
increase in IODs. This metric does not consider the effect of EODs on the system as they are 
initiated by an uncontrollable event. This useful metric focusses on the controllable aspects of 
the operation. EX2320 and EX2321 are 2% and 1% below target respectively. Despite only 
being slightly below the target, over a year, this corresponds to an additional 24 hours of 
working time corresponds to an additional 48 coal truck loads (more waste loads) which 
equates to approximately $2M. 
The CAT789 trucking fleet is 4% below the field utilisation target. This is caused partially by 
the low utilisation on the primary digging units but additional constraints affect the haulage 
process, such as: 
 Approximately 260 unexpected maintenance events occurring over the six month 
period analysed; 
 A large amount of delays associated with meal breaks and shift changeover decreasing 
the expected working time of the operation; 
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 A restructure in the workforce using more labour hire operators that require time to 
adjust to the new conditions on site; and 
 Reduction is primary productivity rates achieved by the operation. 
Monitoring the field utilisation metric is imperative in ensure each asset is operating as required 
and can be a quick and convenient way to assess operational changes to the trucking fleet. 
11.5. MEAN TIME BETWEEN FAILURES 
Mean Time Between Failures (MTBF) looks at how often machines a breaking down as a 
function of SMU hours and failure events. This metric is generally a good metric to asses if 
maintenance procedures are working. Machines requiring maintenance are a risk to the 
productivity potential of the operation as they are either unable to be used or have a high 
likelihood of breaking down during the shift. The calculate MTBF the following equation is 
used. 
𝑴𝒆𝒂𝒏 𝑻𝒊𝒎𝒆 𝑩𝒆𝒕𝒘𝒆𝒆𝒏 𝑭𝒂𝒊𝒍𝒖𝒓𝒆𝒔 =  
𝑬𝒏𝒈𝒊𝒏𝒆 𝑶𝑵 𝑻𝒊𝒎𝒆
𝑭𝒂𝒊𝒍𝒖𝒓𝒆 𝑬𝒗𝒆𝒏𝒕𝒔
 (17) 
Over the six months analysed EX2320 and EX2321 had 53 and 78 failure events respectively. 
The events are unexpected maintenance events and vary in delay time. The target for MTBF is 
approximately 80 hours such that a minor unplanned maintenance event occurs once during 
this time. There are many factors that impact MTBF, the following has been noted as site 
specific impacts: 
 The primary digging units are approaching the requirement for a half-life full rebuild 
(occurring in 2018); 
 The digging conditions are getting worse as coal seam dip and depth of strip increases 
making coal recovery more difficult; and 
 The contract at the operation is set to end in 2017 (pending extension) which impacts 
the capital expenditure for new parts for large machinery that would not be profitable 
if the operation only continued for an additional six months.  
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The following Figure 46 illustrates the findings of this analysis. The analysis has only been 
conducted for the primary digging units as doing this for the entire truck fleet does not give 
very representative results and is heavily skewed by individual trucks. 
 
Figure 46: MTBF Analysis EX5500s 
 EX2320 
EX2320 achieves a MTBF rate of 46 hours which is 34 hours below the target. This means 
breakdowns on this primary digging unit are happening 40% more of the time than expected. 
This significantly impacts the operation increasing the IODs and UMDs reducing the overall 
working time available. Evidently maintenance delays significantly impact the operation and 
reduce all asset performance metrics below target. It is thus important that the metrics 
considered the impact of maintenance and do not exclude it as the drastically alters the results 
acquired. 
During the six month period analysed a total of 100 hours of unplanned maintenance downtime 
was experience for he total 53 failure delays. The majority of these delays were attributed to 
hydraulic issues (hoses, leaks, oil etc.) and required and average attendance time of two hours. 
The total SMU hours worked for the excavator were 2433 hours with a total of 33000 SMU 
hours clocked for the machine at the end of this period. 
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 EX2321 
EX2321 achieves a MTBF rate of 35 hours which is 45 hours below the target. This means 
breakdowns on this primary digging unit are occurring 56% more of the time than expected. 
The majority of these delays were attributed to engine and hydraulic faults that, on average, 
required 2.5 hours to repair. There was a total of 208 unplanned maintenance hours for the total 
2739 SMU hours works in which time 78 failure events were recorded. The requirement for a 
different maintenance approach could be adopted following this analysis. 
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12. CYCLE TIME ANALYSIS 
The cycle time analysis conducted was used to determine and pinpoint any operational 
inefficiencies that are not captured by the InfoMINE reporting system. The reporting was done 
from a location where the entire haulage operation could be viewed, this including loading zone 
and dumping location. During the analysis some events occurred that produced erroneous data 
that was excluded, these were: 
 Tyre separation issue that caused truck 18 to be parked up and replaced with truck 88. 
This took approximately 1.5 hours where the digging circuit was under trucked; 
 Crib break which halts the operation for one hour total. The cycle times were discounted 
as it took 30 minutes add haulage cycle time for the truck to return to be loaded; 
 Haul road maintenance (grader attend) as large rocks inhibited the trucks ability to 
complete the haul appropriately. This added 11 minutes to the cycle and is thus not 
representative; and 
 An operator change out occurred to provide training to the operator. This added an 
additional 14 minutes to the haul and has thus been discounted. 
Table 28 illustrates the results found from the analysis. 
Table 28:  
Cycle Time Analysis and Results 
Process Completed Total Time Average Time 
Delay time 92.9 minutes 1.2 minutes 
Load time 125.4 minutes 1.63 minutes 
Spot time 66.1 minutes 0.86 minutes 
Queue time 35.37 minutes 0.44 minutes 
Wait time 57.6 minutes 0.75 minutes 
Time per bucket 46.2 minutes 0.41 minutes 
Over the period 77 loads were observed with an average haulage time of 14 minutes. From the 
analysis it can be seen the haulage system was under trucked as the wait time experienced by 
the excavator is larger than the queue time experienced by the truck fleet. The largest queue 
times are experienced following crib breaks and at the start of shift when all trucks leave to be 
loaded. There should be a push to staggered starts for the operators such that this is avoided. 
An offset of approximately five minutes from first truck leaving would ensure that the shift is 
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started with even spacing. Ensuring this is maintained through the shift is mandatory for an 
efficient operation. The following Figure 47 illustrates where the largest delays were 
experienced across the system. 
 
Figure 47: Haulage Cycle Delay Analysis 
12.1. CYCLE TIME BREAKDOWN 
The following Figure 48 represents the cycle time breakdown of the haulage operation the 
period analysed. 
 
Figure 48: Cycle Time Analysis Breakdown 
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 Travel Time 
The travel time observed for the period was 67% of the total time. This is a good indicator of 
the operation as literature suggests one third of time will be spent either idle or not required. 
As uncontrollable delays have been excluded (meal break and crib changeover) this analysis 
represents the available working time for the primary digging unit alone. This states that trucks 
are travelling to and from the dump for 67% of the time, by maximising this more loads are 
able to be completed during the allotted working period. 
 Load Time 
Load time is defined as the time the digging unit is spent loading the each truck. This includes 
swing time, material collection time and material release time (within bucket). For the 
operation and the material that was being excavated a four pass system is used. This ensure the 
truck is loaded to target weight without risking overloading which would increase the delays 
experienced by the operation. Load time accounts for 12% of the total time and does not add 
to the delay state of the operation. 
 Spot Time 
Spot time is the time it takes for an operator to position the truck ready for loading. Generally 
this involves communication between operators such that reversing can be done without risk 
and first time. Spotting time accounts for 7% of the total working time with an average time of 
52 seconds. According to site practices this should take 45 seconds thus 7 seconds over target. 
An additional 10 minutes was spent on this process unnecessarily, this accounts for 10% of the 
delays experienced. To improve spotting processes additional training may be required or the 
inclusion of reversing cameras that alter the operator when they are in the correct location.  
 Queue Time 
Queue time is an operational delay that involves trucks waiting (whilst running) to be loaded. 
This can be caused by either poor loading or truck spacing as well as additional external delays. 
Queue time accounted for 6% of the total working time for a total of 35 minutes, attributing to 
35% of all delays experienced by the system. The procedure of queueing purely cost the 
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operation without providing any return. To ensure a viable operation this process should be 
minimised to within acceptable limits. 
 Wait Time 
Wait time is defined as the time the primary digging unit is ‘waiting’ for a truck such that it 
can begin the loading process. As queue time this is an operational delay that should be 
minimised as no return is gained from this process. This accounts for 6% of total working time 
and 55% of the total delays experienced by the system. It is evident that this is the largest delay 
contributor and suggests the operation is under trucked. To improve this a focus must be placed 
on the trucking fleet ensuring trucks are available to be loaded when required. 
12.2. TIME DELAYS PER CYCLE 
To further analyse the delays experienced by the system each delay time was plotted as a 
function of haul number. A total of 77 loads were captured where the largest recordable delay 
was seven minutes. Additionally the average delay time (orange) was plotted, this was 1.2 
minutes. As can be seen the delays are very erratic with minimal trends present. This suggests 
that as a truck approaches the digger (on time) the next truck is spaced too close increasing the 
truck wait time, following this the third truck within the system is spaced too far apart 
increasing the loading unit wait time. After this, the original trucks returns and the delays 
experienced are minimised. This process suggests truck spacing and communication must be 
improved. Figure 49 illustrates the delays per haulage cycle. 
 
Figure 49: Time Delays per Cycle 
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The erratic nature of the delays suggest that the inclusion of an FMS will benefit the operation. 
As the constraint of additional capital is not warranted to continual monitoring of these delays 
should be conducted and minor improvements made over time. Reducing the delays present 
within the operation drastically increase the chances that all asset performance targets will be 
met and production targets achieved. 
12.3. DELAY TIME WITHIN SHIFT 
The following analysis technique plots the delays experienced as a function of shift time. As 
evident by Figure 50 the delays increase as the shift duration increases. Average delay times 
started at 0.6 minutes (start of shift) and ended at approximately 1.6 minutes (end of shift) 
which is higher than the expected average delay time of 1.2 minutes. This could suggest that 
working longer hours many not be appropriate as the additional working time would be 
comprised of a higher percentage of delay state. A larger focus should be placed on improving 
the current available working time by decreasing the operational delays experienced by the 
system. 
 
Figure 50: Delay Time vs Time in Shift 
By further increasing shift duration complacency and concentration of workers may be 
affected. It is important to understand the safety implications of working longer hours and the 
effect this may have on workers. Sometimes, despite improving observed productivity initially, 
the downside effects could far out way this positive gain. 
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13. IMPROVEMENT SUMMARY 
From the analysis techniques used some relationships exist between operational areas that, 
when investigated individual, are unable to be fully optimised. Understanding how the 
operation links and the dependent processes within the truck and shovel process is imperative 
to develop an appropriate improvement summary. The recommended improvements will be 
analysed in terms of the following: 
 Cost benefit analysis; 
 Impact to process flow within operation;  
 Safety implications including operational and on site; and 
 Time savings relevant to the operation. 
Looking at the operation and all-inclusive processes, behavioural and site practice 
methodologies some effective changes can be made that have minimal detrimental effect to the 
operation. Initially an adjustment period to the new processes will be required but once 
understood and streamlined the benefits will be noted. The following additional requirements 
are to be implemented within the operation: 
 Completing inspections on dig areas pre-and-post blast (and excavation) to assess 
diggability of area and quantify the impacts on excavator productivity. This gives a 
better understanding of how material properties impact the operation and appropriate 
changes can be made in accordance with findings;  
 Ensure the correct working environment is created that allows main haulage and 
loading equipment to operate at maximum rates; and 
 Improve supervision of the operation with the inclusion of a simple FMS that monitor 
truck and excavator location in an attempt to optimise the truck and shovel process. 
The aforementioned points aim to improve the operational environment by providing a generic 
strategy for site personnel. These techniques can be adopted prior to any specific analysis 
techniques that increase on site knowledge and how to adapt to certain scenarios including 
adjusting mine plans and schedules. 
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13.1. TIME USAGE ANALYSIS 
The time usage analysis aimed to identify areas requiring improvement without pinpointing 
specific processes within the system. The areas requiring improvement are the internal 
operating delays (IODs) which in turn will increase the primary working time available to the 
truck and shovel operation. Additionally the TUM analysis found that planned and unplanned 
maintenance delays (PMD and UMDs) impact the operation and further reduce the PWT 
available. 
The operation as it is contract based is impacted by the mine in terms of blast delays and 
operational forced production delays. As these can occur without warning they are classified 
as IODs. To improve scheduling and mine planning opportunities communication between the 
client and contractor should be developed such that fewer lost time delays are experienced.   
13.2. DELAY ANALYSIS 
The delay analysis aimed to determine the major processes that are attributing to the IODs 
within the system that totals 18% of all available time. Of the total 12 hours available to work 
each shift the operation plans for a 9.5 hour digging time which accounts for external working 
delays alone. Any additional IODs within the system impact this time such that the schedule 
or digging path may be impacted or not completed. To better combat this the operation should 
allow for approximately 10 to 10.5 hours digging as this accounts for the mandatory breaks 
(meal break, shift changeover and meetings) and the 8% of EODs experienced by the system 
over the six month period analysed. This will increase the PWT available to the operation and 
productivity targets will more consistently be met unless large IODs or EODs are experienced 
within the system. 
From the delay analysis, specifically IODs, it was found the largest delay contributors was the 
time lost around meal breaks and shift changeovers. These combined make up 10% of the 
overall working time within the system. By minimising these IODs will be reduced and PWT 
increased, the following is suggested to improve these identified areas: 
 Account for travel time around the mandatory crib (meal) break. The 30 minute meal 
break currently does include travel time such that approximately 20 is spent in the crib 
hut where the additional 10 minutes is spent travelling. The 20 minutes of ‘eating’ time 
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is generally extended to 30 minutes and the 10 minutes of travel time become classified 
as an IOD that is drastically impacting the operation; 
 The supervisors of the crew should be ensuring that the 30 minutes of crib is followed 
and the IODs are reduced; 
 Hot seating practices should be improved such that there is a constant production flow 
and the digger is able to complete SWT tasks during this periods improving the ease of 
operation within PWT (outside crib); and 
 Additional maintenance time should be spent on the diggers during the mandatory 
breaks. This ensure the time lost due to planned and unplanned maintenance is 
minimised, again increasing the overall PWT available to the system. 
From the analysis of the improvements mentioned above the operation can increase production 
by 5% and reduce the costs associated with the IODs by $2M. This will allow the operation to 
focus on meeting production demands as the digging conditions. Possibly this could increase 
the expected Life Of Mine (LOM) and result in an operation that is closer to the best practice 
guidelines recommended within literature. 
13.3. ASSET TIME CAPTURE SYSTEM 
The asset time capture system aimed to determine how the operation rated against best practice 
and site specific targets set for predetermined asset performance metrics. From the analysis the 
following was found about the operation and the assets present: 
 The MTBF metric is severely low with primary digging units requiring maintenance 
more than double than expected. These events averaged 2 hours of downtime with a 
total of 300 events experienced over the six month period; 
 The operation is more impacted by utilisation instead of availability. The physical 
availability metric met the target (unimpeded excavator EX2320) despite being 3% 
below the field utilisation target; 
 The operation is impacted by uncontrollable scheduling delays that reducing the 
utilisation of available time metric to 2% below the target of 75%. Some of the delays 
experienced are caused by unknown interference yet the impacts can still be minimised 
once made aware of. To improve this better communication between working groups 
(operations, technical services and maintenance) is required; and 
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 The trucking fleet is impacted by the delays present within the processes completed by 
the primary digging units. As the trucks require the primary digging units to be 
operations the focus of the improvement strategy will be to increase the PWT of the 
excavators which in turn will increase the productivity of the overall truck and shovel 
system. 
From the analysis the improvement that will have the greatest impact on the site is to implement 
a basic FMS system utilising the infrastructure on site already. The FMS on site is to be 
comprised of a FMS operator, the trucks current VIMS and GPS located on the primary digging 
units. This aims to improve the matching of trucks to diggers and enables major IODs to be 
accounted for and the necessary changes made. The following Figure 51 illustrates how the 
FMS will be used on site. 
 
Figure 51: On site Fleet Management System 
By implementing this FMS and ensuring the recommendations are followed the operation 
stands to improve in the following working areas: 
 3% increase to overall loading time translating to an additional amount of coal and 
overburden trucks totalling approximately $3M annually; 
 Enables more accurate reporting opportunities for the operation; 
 A decrease of 2% to the controllable delays (IOD) increasing the PWT available to the 
operation; and 
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 Ensure that the operation has more flexibility around planning and scheduling 
improving the project work flow processes. 
If a small-scale FMS option is not available due to capital or company restrictions to inclusion 
of additional monitoring and adjustment processes is required. Developing a better 
understanding of how certain dig areas perform under set conditions can form a tool useful to 
technical services and production teams to better assess crew capabilities. It is imperative the 
constraints of the operation be known and the information utilised to maximise performance. 
13.4. CYCLE TIME ANALYSIS 
The cycle time analysis was a practical tool used to further understand the truck and shovel 
process using information not provided directly from the InfoMINE and VIMS reporting 
packages. It aimed to determine, of the available working time, what comprises of the typical 
haulage cycle. From the analysis it was determined that the operation is running slightly below 
industry average due to an above average wait, queue and spot time. The haulage operation 
was comprised of 9% directly delay state (wait and queue) and an additional 1% due to the 
spotting procedures followed. The following additional results were found: 
 67% of time attributed to truck travel time; 
 7% spotting time at dig face and dump; 
 12% loading time across the system; and 
 5% of time spent at the dump. 
The onsite procedures developed are used to increase operational safety, ease of use and 
productivity. As previously mentioned the spotting procedure could be better improved such 
that as truck 1 is being loading truck 2 waits one truck length away in an appropriate position 
outside the swing radius of the machine. Currently, trucks are waiting a minimum of 50m away 
which drastically increases the spot time and reduces the overall effectiveness of the process. 
At the dump the following Figure 52 illustrates the correct procedures that should be followed. 
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Figure 52: Correct Dumping Procedure 
From the analysis two large delays occurred, these being: 
 A tyre separation issue that forced a truck with a full load out of the haulage route and 
required a replacement truck to be implemented (major); and 
 The haul road required attendance (grader) as some rock spillage halted the haulage 
system. 
The first tyre separation is classified as a major delay and, if not attended correctly could result 
in serious injury. The nature of this delay is uncontrollable as it depends heavily on the tyre, 
truck, operator and loads carried. Tyre separation issues do not occur often as they comprised 
of less than 1% of all delays experienced by the system. Haul road maintenance is a controllable 
delay that should be reduced. The following improvements to the system can be made to reduce 
the effect of a poor haul road to the system: 
 Ensure one grader is available for each haulage circuit (two total) and maintain routine 
grading of the dig floor and ramp entry/ exit areas; 
 Utilise a water cart and grader in tandem to increase the effectiveness of the grading; 
 Ensure maintaining the dig floor is a number one priority and should be attended to 
immediately if required; and 
 During crib breaks use the time effectively to maintain haul roads when no trucks are 
running. This would involve staggering the meal breaks of grader operators.   
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14. CONCLUSIONS 
Optimising production rate and output within surface mining operations at the lowest cost per 
tonne is a driver for technological improvements and new monitoring techniques to be 
developed. Improving production has been analysed using many techniques, the in-depth study 
to be conducted on the haulage fleet present at Company As operation critically analysed 
availability, utilisation and production rate. Through literary analysis the following approaches 
targeted improving availability, utilisation and production rate: 
 Reducing excavator swing angle which in-turn increases the maximum potential output; 
 Dig area must be appropriately designed for life of excavation providing adequate room 
for truck and excavator interaction; 
 With effective operational management and monitoring targeting operational 
inefficiencies working time can be increased. Both assets (equipment) and staff have 
impacts on productivity; 
 Reduce delays associated with meal breaks and shift changes. This is done by 
increasing time-management effectiveness and supervisors ensuring time restrictions 
are abided by; 
 Ensure equipment selection and the relation between load and haul equipment is correct 
and suitable to the operation; 
 Maintain a clean working environment that reduces the need for clean-up activities to 
occur, a main source of delay for backhoe excavators; 
 Analysing the bucket fill factor achieved per pass. Causes of this include; poor loading 
technique and fragmentation levels incurred through blasting; 
 Maintain efficient blasting practices that created a muckpile suited to the excavation 
equipment. Impacts from mean particle size, oversize particles and percent fines can 
have a detrimental effect on loading effectiveness; and 
 Increasing Overall Equipment Effectiveness (OEE) through analysis of unknown (or 
uncontrolled) variables. 
The use of literary analysis allows an understanding of current techniques used to increase 
availability, utilisation and consequently productivity within an operation. Each approach uses 
a practical or theoretical approach where site specific information and suitability is required. 
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To determine if an improvement method is suitable to a mining operation downstream effects 
and upstream requirements must be quantified. An economic and technical analysis of the 
method and its impacts must be known before implementation can occur. 
The coal mining operation located in Central Queensland currently produces 11Mtpa coal and 
30Mbcm overburden annually. The operation has control over the truck and shovel process 
alone such that the impacts of blasting are unknown until the material is dug. The data collected 
for the operation was from January to June 2017 which is derived from onsite reporting 
processes (InfoMINE) and Vital Information Management Systems (VIMS) fitted to 
operational trucks, the data is represented as: 
 Crew and shift information; 
 Activity and reason codes; 
 Location and material properties; and 
 Productivity rates. 
The data collected is used to create onsite reports presented to management daily. This ensures 
the data is representative and accurate to level accepted by the company. The techniques used 
to analyse the operation asses the time usage of primary working equipment, understand the 
operational delays and the processes attributing to major delays, asset performance metrics as 
stipulated by the company in accordance with the TUM and a cycle time analysis that 
determines how working time is spent within the load and haul process. For the analysis the 
following equipment was analysed: 
 12 x CAT 789s (Target payload: 227t); and 
 2 x Hitachi EX5500s, Backhoe Configuration (Bucket capacity: 27m3). 
From the analysis conducted for Company As coal mining operation initial findings suggested 
that current productivity rates are not meeting targets and thus necessary improvements are to 
be made. The drop in rate is more significant for overburden as not one month over the six 
months analysed meets target. The overarching time usage analysis for the operation found the 
following: 
 Primary digging units (EX5500s) working time is comprised of 66% PWT; 
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 The total delay state of the operation is 25% comprised of 17% IODs and 8% EODs; 
and 
 Maintenance accounts for the final 8% of time available split into 5% PMD and 3% 
UMD. 
It was deemed that the EODs are unable to be controlled and thus the focus of the improvement 
strategy will be given to the IODs. As for the trucking fleet PWT made up 62% or the operation 
and IODs 18%. Again, the requirement to decrease the amount of IODs experienced by the 
operation was paramount. The delay analysis conducted aimed to pinpoint specific processes 
creating a significant delay state found that across the excavators and trucking fleet the largest 
controllable delays are around meal breaks and shift changeover. These account for 
approximately 10% of the total time available to the operation. The largest EODs experienced 
by the operation were maintenance and weather delays which accounted for 16% of the total 
time available to the system. By comparing the controllable and uncontrollable delays the 
controllable delays are costing the company $3.4M annually at the excavators alone, this does 
not include the loss of the haulage fleet. 
The asset time capture system aimed to benchmark the operation and asses how, in comparison 
to other operations, the mine compares. The metrics are based on the TUM adopted in January 
and is comprised of calendar, work, available, field and rostered time. The following metrics 
were analysed and the results found: 
 Physical availability: EX2320 4% above target, EX2321 4% below target and CAT789s 
5% below target; 
 Utilisation of available time: EX2320 2.5% below target, EX2321 1.5% below target 
and CAT789s 3.5% below target; 
 Field utilisation: EX2320 3% below target, EX2321 1.5% below target and CAT789s 
4.5% below target; and 
 Meat time between failure: EX2320 60% of target, EX2321 44% of target. 
From the analysis it was found that the operation is more affected by utilisation constraints 
instead of availability. Additionally the assets are breaking down far more than expected with 
an average attendance time of 2 hours. Over the six month period analysed 131 failure events 
occurred, the majority were due to hydraulic faults. 
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The final analysis technique used determined and pinpointed an operational inefficiencies that 
are not captured correctly by the InfoMINE reporting software. The haulage cycle was split 
into relevant sections and the following results were found: 
 Travel time: 67%; 
 Total delay time: 9% (Queue 3%, Wait 6%); 
 Total loading time: 12%; 
 Total time at dump 5%; and 
 Total spotting time (dig face and dump): 7% 
As can be seen the haulage cycle is in a direct operational delay state for 9% of all available 
time. Additionally, the spotting time experienced was larger than expected. The targeted spot 
time is 45 seconds whereas the operation experienced an average of 52 seconds which equates 
to an additional 1% to the delays experienced by the system. Time delays per cycle and as a 
function of shift duration were analysed where, as the shift increased as did the delays 
experienced. From start to finish there was a 200% increase in the delays attributed to possible 
complacency and concentration lapses and suggests that working longer hours may not be the 
solution to improving productivity. 
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15. RECOMMENDATIONS 
From the in depth analysis conducted on the operation it was found that operational targets are 
not being met. To improve this, initial data collection and interpretation was conducted such 
that inefficient areas could be pinpointed and improvements suggested. As the improvement 
summary specifies improvements that should be made the following addresses areas that can 
be improved and future work available for the project: 
 Implement a better system involving the client/ contractor working relationship. 
Increase the interaction between supervisors of the truck and shovel process and 
blasting teams such that problem areas can be addressed and attended if required; 
 Improve the validity of data collection by increasing the supervision of crews. This 
will ensure all delays are accurate and do not skew the data used; 
 Further work should be completed assessing how material fragmentation affects dig 
rate. From this a checklist can be generated such that targeted rates can be more often 
met; 
 More accurate reporting and prediction of performance metrics should be conducted 
utilising the new TUM model such that the viability of the operation is increased; 
 Increase the training and delivery of loading processes specific to truck operators such 
that the ‘right way’ of doing things is adopted across the site; 
 Improve the efficiency of SWT conducted by the excavators with respect to working 
environment creation such that this is only required to be done once and PWT can be 
increased; and 
 Further the investigation into the use of a full site fleet management system 
determining where processes can be improved versus the required cost of capital. 
As the operation moves to deeper and steeper seams the requirement for efficiency is 
mandatory. Since the industry is returning to a state more constant that previously experienced 
it is vital the operation utilise additional profits effectively and focus on improving current 
assets through the improvement summary suggested instead of purchasing new assets to make 
up the production shortfall currently experienced. 
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APPENDIX 2: INTERNAL OPERATING DELAY 
ANALYSIS 
 
 
0
50
100
150
200
250
300
350
400
450
T
im
e 
(H
o
u
rs
)
Internal Operating Delays EX5500s
0
500
1000
1500
2000
2500
3000
T
im
e 
(H
o
u
rs
)
Internal Operating Delays 789s
